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Summary 

The primary aim of practising conservation agriculture (CA) is to optimise crop 

production. This is done by using practices and principles that promote soil quality by 

increasing population levels and/or diversity of beneficial soil organisms, including 

non-parasitic nematodes. Conservation agriculture is also considered as an 

alternative means to control plant-parasitic nematode population levels.  

The main aim of this study was to determine the effect of CA compared to 

conventional agriculture (CTA) on plant- and non-parasitic nematode communities 

under maize-based cropping systems in South Africa. Furthermore, the identity of 

two types of eggs („large‟ and „small‟), present in 50-g root samples of maize (survey 

study) and maize and other crops (CA study), were clarified and the genera 

representing them determined. Associations between plant- parasitic nematodes and 

maize yield were also determined. Additionally, correlations between the different 

soil chemical parameters and soil nematode assemblages (plant- and non-parasitic 

nematodes) were investigated. For determining the effect(s) of CA vs. CTA on 

nematodes, a survey was conducted in the two the main maize-producing areas of 

South Africa (Free State and North-West provinces). Furthermore, nematode 

samples (root and soil) from two CA-trials were also obtained. For the survey, root 

and rhizosphere soil samples (including maize fields under CA and CTA as well as 

natural veld (NV)) were obtained from 24 ecosystems during the 2012/2013 growing 

season. For determining the effects of CA vs. CTA on soil nematode population 

assemblages over a four-year period, two rain-fed field trial sites, were monitored 

under different maize-based cropping sequences (CRS). These sites were 

Buffelsvallei (sandy loam soil) and Erfdeel (sandy soil), which is part of a CA 

programme of the Agricultural Research Council‟s Grain Crops Institute. At these 

sites, CA and CTA maize monoculture were practised, while maize was also rotated 

with cowpea, pearl millet and sunflower in different crop-sequence combinations. 

Rhizosphere soil samples for nematode analyses were obtained before/during 

planting during each growing season from all plots as well as 60 and 100 days after 

planting. Additional soil samples were also obtained for soil chemical and physical 

analyses. Root samples were obtained during the 60- and 100-day sampling 

intervals. Standard techniques were used to extract nematodes from root and soil 
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samples. Morphological and molecular (only for Meloidogyne spp.) techniques were 

used to identify nematodes to genus/species (plant-parasitic nematodes) and/or 

genus/family (non-parasitic nematodes) levels. During both the survey and CA study, 

50-g root samples contained two different types of eggs („large‟ and „small‟) when 

using the NaOCl method. The two egg types were measured (length and width) and 

were subjected to deoxyribonucleic (DNA) sequencing to identify the nematode 

genera these two types of eggs belonged to. This activity was conducted first and 

formed the basis of this study. 

 The two types of eggs were successfully identified with the „large‟ eggs 

belonging to the genus Meloidogyne and the „small‟ eggs to Rotylenchulus. The 

measurements furthermore showed that the Meloidogyne eggs were significantly 

longer than the Rotylenchulus eggs. The same applied for the width of the eggs, with 

those belonging to Meloidogyne being wider than those of Rotylenchulus. This 

research is a novel and significant contribution to the Nematology discipline since it 

will assist in more accurate research related to the presence and effects of 

Meloidogyne and Rotylenchulus on maize and other food crops. 

During the survey a total of 13 plant-parasitic genera, 21 species and one 

subspecies were identified. Of these, 10 genera and 11 species as well as one 

subspecies were associated with CA maize. Data showed that fields under CA had 

higher prominence values (PV) for most of the plant-parasitic nematode 

genera/species identified compared to those present in CTA maize as well as NV. 

This was evident for Rotylenchulus parvus and Pratylenchus spp. populations. 

However, maize under CTA had higher PV values for Meloidogyne spp. The 

opposite scenario was observed for non-parasitic nematodes that were present in 

soil samples. The NV in general had higher PV values and diversity of non-parasitic 

nematodes, followed by the CA maize for most of the non-parasitic nematode 

genera/families. Nematode-food web structures showed that most of the soils 

(including those from NV) sampled represented resource-depleted nematode 

communities. The non-parasitic nematode genera, Acrobeles and Acrobeloides was 

the predominant bacterivores present within the soils collected from maize (both CA 

and CTA) as well as NV. The predominant fungivores present were Aphelenchus 
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and Aphelenchoides while the family Discolaimidae and genera Discolaimoides were 

identified as the dominant predators.  

For the CA study, nine plant-parasitic nematode genera and 11 species were 

identified at Buffelsvallei while at Erfdeel a total of six genera and nine species were 

observed. Rotylenchulus parvus was the predominant nematode pest present in the 

50-g root samples at Buffelsvallei, while Meloidogyne incognita was dominant at 

Erfdeel. Results also showed that when either cowpea or sunflower were included in 

the CA cropping sequences (CRSs)  a significant decline in R. parvus population 

densities occurred over the four-year duration of the study. Pratylenchus spp. was 

the dominant plant-parasitic nematode genus present in the 5-g root samples at both 

localities. As for R. parvus (50 g roots) when either cowpea or sunflower was 

included, a decline in the population density of this nematode species was observed. 

This study ultimately showed that the CA CRSs, in general, had lower plant-parasitic 

nematode densities than the monoculture CTA. However, both Scutellonema 

brachyurus (Buffelsvallei) and Tylenchorhynchus goffarti (Erfdeel) had higher 

population densities in soils under CA than CTA. 

With regard to non-parasitic nematodes present in soils from the CA study, 31 

nematode genera and two families were identified at Buffelsvallei. For Erfdeel a total 

of 21 non-parasitic nematode genera and four families were observed. Related to the 

CRSs under CA, higher nematode densities and diversity of non-parasitic 

nematodes were recorded than from those in CTA maize. This was also 

demonstrated by the nematode food-web analyses. Bacterivores dominated in soils 

from both CTA and CA cropping sequences followed by the fungivores. This 

scenario was evident at both localities. Food-web structures showed that non-

parasitic nematode diversity was higher when either cowpea or sunflower was 

included in the CRSs under CA. However, the majority of the CRSs (both CA and 

CTA) had soil qualities characterised as stressed and depleted in terms of their 

inhabiting non-parasitic nematode communities. Identification of non-parasitic 

nematodes to genera/family level seemed to provide a more accurate reflection of 

the community structure than when using trophic levels alone. This was further 
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substantiated by the noticeable differences observed between the nematode 

assemblages and the different CRSs used. 

Negative correlations existed between maize yield and R. parvus at Erfdeel 

but not at Buffelsvallei. Correlations between nematodes and soil chemical 

parameters showed that organic matter (%C) in general had positive, but weak 

associations with most of the plant- and non-parasitic nematodes. However, %C did 

had strong, positive correlations with Nanidorus minor and Scutellonema brachyurus 

at Buffelsvallei. Also, strong, positive correlations between %C and non-parasitic 

nematode families Panagrolaimidae, Cephalobidae, Dorylaimidae and Tylenchidae 

existed. Furthermore, at Buffelsvallei sodium (Na) had a positive, strong association 

with the non-parasitic nematode family Rhabditidae. For this latter locality, 

phosphate (P) also had strong, positive associations with Cephalobidae and 

Aphelenchidae (both non-parasitic).  

Ultimately, results of this study demonstrated that differences in plant- and 

non-parasitic assemblages existed between maize fields under CA and CTA. Further 

investigation is, however, needed with regard to nematodes vs. crop yields and soil 

chemical and physical parameters under local maize-based cropping systems. This 

study also warrants further investigation with regard to R. parvus and its potential as 

a pathogenic plant-parasitic nematode in the local maize industry. No information on 

its reproductive potential and pathogenicity on maize are available worldwide. 

Further research should also focus on longer term studies related to nematode-CA 

investigations to obtain an extensive body of information. This will also result in the 

generation of data on associations between nematode pests and crop yields, as well 

as chemical soil parameters which are limited and fragmented at present. 

 

Keywords: Conservation agriculture, food-web, maize yield, Meloidogyne spp., non-

parasitic nematodes, organic matter, Rotylenchulus parvus, South Africa 
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Hemicycliophora soil; LongidS = Longidorus soil; Mel (50gR, 5gR, S) = Meloidogyne 

50- and 5-g roots and soil; NanidS = Nanidorus soil; Pratyl (5gR, S) = Pratylenchus 

5-g roots and soil; QuiniS = QuinisulciusS; Rchulus (50gR, S) = Rotylenchulus 50-g 

roots and soil; RotylS = Rotylenchus soil; ScutelS = Scutellonema soil; TylchorS = 

Tylenchorhynchus soil; XiphnS = Xiphinema soil. 3.2B: COL = Coligny; LICHB = 

Lichtenburg; HRTBF = Hartbeesfontein; OTSD = Ottosdal; KRST = Kroonstad; VJSK 

= Viljoenksroon.]           
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Figs. 3.3A and 3.3B: A correlation circle (A) and factorial plan (B) illustrating the 

composition of non-parasitic nematodes in soil samples (A) collected 100 days after 

planting during the 2012/2013 survey from maize crops under (B) conservation (CA) 

and conventional (CTA) agriculture as well as natural-veld (NV) ecosystems at six 

localities in the North-West and Free State Provinces of South Africa. (3.3B: COL = 

Coligny; HRTBF = Hartbeesfontein; OTSD = Ottosdal; KRST = Kroonstad)   
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Chapter 4: Effect of conservation and conventional agriculture on plant-

parasitic nematode population levels: A comparative study 

Figs. 4.1A and 4.1B: Correlation circle (4.1A) and factorial plan (4.1B) illustrating the 

composition of Meloidogyne spp. and Rotylenchulus parvus in 50-g root samples 

collected at Buffelsvallei 100 days after planting during the growing seasons (2011-

2014) from monoculture maize as well as crop systems which included maize, 

cowpea and pearl millet. The corresponding numbers (1-7) and letters refer to the 

different CRSs and crop planted for that season, where C = Cowpea, M = Maize and 

P = Pearl millet (4.1B): 1 = MMM/CTA; 2 = MMM/CA; 3 = MCM/CA; 4 = CMC/CA; 5 

= CMP/CA; 6 = MPC/CA; 7 = PCM/CA.       
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Figs. 4.2A and 4.2B: A correlation circle (4.2A) and factorial plan (4.2B) illustrating 

the composition of Meloidogyne spp. and Rotylenchulus parvus in 50-g root samples 

collected at Buffelsvallei 100 days after planting during the growing seasons (2011-

2014) from monoculture maize as well as crop systems which included maize, 

sunflower and pearl millet. The corresponding numbers (1-7) and letters refer to the 

different CRSs and crop planted for that season, where M = Maize, P = Pearl millet 

and S = Sunflower; (4.2B): 1 = MMM/CTA; 2 = MMM/CA; 3 = MSM/CA; 6 = MPS/CA; 

7 = PSM/CA.           
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Figs. 4.3A and 4.3B: Correlation circle (4.3A) and factorial plan (4.3B) illustrating the 

composition of Meloidogyne incognita and Rotylenchulus parvus in 50-g root 

samples collected at Erfdeel 100 days after planting during the growing seasons 

(2011-2014) from monoculture maize as well as crop systems which included maize, 

cowpea and pearl millet. The corresponding numbers (1-7) and letters refer to the 

different CRSs and crop planted for that season, where C = Cowpea, M = Maize and 

P = Pearl millet; (4.3B): 1 = MMMM/CTA; 2 = MMMM/CA; 3 = MCMC/CA; 4 = 

CMCM/CA; 5 = MPCM/CA; 6 = PCMP/CA; 7 = CMPC/CA.    
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Figs. 4.4A and 4.4B: Correlation circle (4.4A) and factorial plan (4.4B) illustrating the 

composition of plant-parasitic nematodes in 5-g root samples collected at 

Buffelsvallei 100 days after planting during the growing seasons (2011-2014) from 

monoculture maize as well as cropping sequences which included maize, cowpea 

and pearl millet. The corresponding numbers (1-7) and letters refer to the different 

CRSs and crop planted for that season, where C = Cowpea, M = Maize and P = 

Pearl millet; (4.4B): 1 = MMMM/CTA; 2 = MMMM/CA; 3 = CMCM/CA; 4 = 

MCMC/CA; 5 = PCMP/CA; 6 = CMPC/CA; 7 = MPCM/CA.    
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Figs. 4.5A and 4.4B: A correlation circle (4.5A) and factorial plan (4.5B) illustrating 

the composition of plant-parasitic nematodes in 5-g root samples collected at 

Buffelsvallei (A) 100 days after planting during the growing seasons (2011-2014) 

from monoculture maize as well as cropping sequences which included maize, 

sunflower and pearl millet. The corresponding numbers (1-7) and letters refer to the 

different CRSs and crop planted for that season, where M = Maize, P = Pearl millet 

and S = Sunflower; (4.5B): 1 = MMMM/CTA; 2 = MMMM/CA; 3 = SMSM/CA; 6 = 

SMPS/CA; 7 = MPSM/CA.         
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Figs. 4.6A and 4.6B: Correlation circle (4.6A) and factorial plan (4.6B) illustrating the 

composition of plant-parasitic nematodes in 5-g root samples collected at Erfdeel (D) 

100 days after planting during the growing seasons (2011-2014) from monoculture 

maize as well as cropping sequences which included maize, cowpea and pearl 

millet. The corresponding numbers (1-7) and letters refer to the different CRSs and 

crop planted for that season, where C = Cowpea, M = Maize and P = Pearl millet; 

(4.6B): 1 = MMMM/CTA; 2 = MMMM/CA; 3 = MCMC/CA; 4 = CMCM/CA; 5 = 

MPCM/CA; 6 = PCMP/CA; 7 = CMPC/CA.      
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Figs. 4.7A and 4.7B: Correlation circle (4.7A) and factorial plan (4.7B) illustrating the 

composition of plant-parasitic nematodes in 200-g soil samples collected at 

Buffelsvallei 100 days after planting during the growing seasons (2011-2014) from 

monoculture maize as well as cropping sequences which included maize, cowpea 

and pearl millet. The corresponding numbers (1-7) and letters refer to the different 

CRSs and crop planted for that season, where C = Cowpea, M = Maize and P = 

Pearl millet; (4.7B): 1 = MMMM/CTA; 2 = MMMM/CA; 3 = CMCM/CA; 4 = 

MCMC/CA; 5 = PCMP/CA; 6 = CMPC/CA; 7 = MPCM/CA.    
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Figs.4.8A and 4.8B: A correlation circle (4.8A) and factorial plan (4.8B) illustrating 

the composition of plant-parasitic nematodes in 200-g soil samples collected at 

Buffelsvallei (A) 100 days after planting during the growing seasons (2011-2014) 

from monoculture maize as well as cropping sequences which included maize, 

sunflower and pearl millet. The corresponding numbers (1-7) and letters refer to the 

different CRSs and crop planted for that season, where M = Maize, P = Pearl millet 

and S = Sunflower; (4.8B): 1 = MMMM/CTA; 2 = MMMM/CA; 3 = SMSM/CA; 6 = 

SMPS/CA; 7 = MPSM/CA.         
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Figs. 4.9A and 4.9B: Correlation circle (4.9A) and factorial plan (4.9B) illustrating the 

composition of plant-parasitic nematodes in 200-g soil samples collected at 

Buffelsvallei 100 days after planting during the growing seasons (2011-2014) from 

monoculture maize as well as cropping sequences which included maize, cowpea 

and pearl millet. The corresponding numbers (1-7) and letters refer to the different 

CRSs and crop planted for that season, where C = Cowpea, M = Maize and P = 

Pearl millet; (4.9B): 1 = MMMM/CTA; 2 = MMMM/CA; 3 = MCMC/CA; 4 = 

CMCM/CA; 5 = MPCM/CA; 6 = PCMP/CA; 7 = CMPC/CA.    
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Chapter 5: Effect of conservation and conventional agriculture on terrestrial, 

non-parasitic nematode population levels: A comparative study  

Figs. 5.1A and 5.1B: Correlation circles (5.1A) and factorial plan (5.1B) illustrating 

the composition of non-parasitic nematode trophic groups in 200-g rhizosphere soil 

samples collected at Buffelsvallei, 100 days after planting during the different 

growing seasons (2011-2014) from monoculture maize as well as cropping 

sequences (CRS) which included maize, cowpea and pearl millet. (The 

corresponding numbers (1-7) and letters refer to the different CRSs and crop planted 

for that season, where C = Cowpea, M = Maize and P = Pearl millet; (5.1B): 1 = 

MMMM/CTA; 2 = MMMM/CA; 3 = CMCM/CA; 4 = MCMC/CA; 5 = PCMP/CA; 6 = 

CMPC/CA; 7 = MPCM/CA).        
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Figs. 5.2A and 5.2B: A correlation circle (5.2A) and factorial plan (5.2B) illustrating 

the composition of non-parasitic nematodes in 200-g soil samples collected at 

Buffelsvallei (A), South Africa, 100 days after planting during the different growing 

seasons (2011-2014) from monoculture maize as well as cropping sequences (CRS) 

which included maize, sunflower and pearl millet. (The corresponding numbers (1-7) 

and letters refer to the different CRSs and crop planted for that season, where M = 

Maize, P = Pearl millet and S = Sunflower; (5.2B): 1 = MMMM/CTA; 2 = MMMM/CA; 

3 = SMSM/CA; 6 = SMPS/CA; 7 = MPSM/CA).      

                     199 

 

Figs. 5.3A and 5.3B: Correlation circle (5.3A) and factorial plan (5.3B) illustrating the 

composition of non-parasitic nematodes in 200-g soil samples collected at Erfdeel, 

South Africa, 100 days after planting during the different growing seasons (2011-

2014) from monoculture maize as well as cropping sequences (CRS) which included 

maize, cowpea and pearl millet. The corresponding numbers (1-7) and letters refer to 

the different CRSs and crop planted for that season, where C = Cowpea, M = Maize 

and P = Pearl millet; (5.3B): 1 = MMMM/CTA; 2 = MMMM/CA; 3 = CMCM/CA; 4 = 

MCMC/CA; 5 = PCMP/CA; 6 = CMPC/CA; 7 = MPCM/CA.    
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Fig. 5.4A and 5.4B: Structure Index (SI) and Enrichment Index (EI) of each sampling 

site according to coloniser-persister (cp) values assigned to non-parasitic nematode 

genera that were identified from soil samples collected from monoculture maize as 

well as cropping sequences which included maize, cowpea (5.4A) and sunflower 

(5.4B), and pearl millet at Buffelsvallei, South Africa during the 2010/2011-2013/2014 

growing seasons. (The corresponding numbers (1-7) and letters refer to the different 

CRSs and crop planted for that season, where C = Cowpea, M = Maize, P = Pearl 

millet and S = Sunflower; (5.4A): 1 = MMMM/CTA, 2 = MMMM/CA, 3 = CMCM/CA, 4 

= MCMC/CA, 5 = PCMP/CA, 6 = CMPC/CA, 7 = MPCM/CA; (5.4B): 1 = 

MMMM/CTA, 2 = MMMM/CA, 3 = SMSM/CA, 6 = CMPC/CA, 7 = MPCM/CA). 
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Fig. 5.5: Structure Index (SI) and Enrichment Index (EI) of each sampling site 

according to coloniser-persister (cp) values assigned to non-parasitic nematode 

genera that were identified from soil samples collected from monoculture maize as 

well as crop systems which included maize, cowpea and pearl millet at Erfdeel, 

South Africa during the 2010/2011-2013/2014 growing seasons. The corresponding 

numbers (1-7) and letters refer to the different CRSs and crop planted for that 

season, where C = Cowpea, M = Maize and P = Pearl millet; 1 = MMMM/CTA; 2 = 

MMMM/CA; 3 = MCMC/CA; 4 = CMCM/CA; 5 = MPCM/CA; 6 = PCMP/CA; 7 = 

CMPC/CA.           
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Chapter 6: Associations of nematode assemblages with maize yield and soil 

chemical parameters 

Figs. 6.1A and 6.1B: Soil chemical (6.4A) and plant-parasitic (6.4B) and nematode 

factorial plans in 200-g soil samples collected at Buffelsvallei CA trial site, 100 days 

after planting during the different growing seasons (2010-2014) from monoculture 

maize as well as crop systems which included maize, cowpea and pearl millet. 
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Fig. 6.2: Co-inertia analysis between plant-parasitic nematode genera and species 

and soil chemical parameters measured from 200-g soil samples collected at 

Buffelsvallei CA trial site, 100 days after planting during the different growing 

seasons (2010-2014) from monoculture maize as well as crop systems which 

included maize, cowpea and pearl millet. Only strong correlations are referred to by 

means of green oval indicating a strong, positive correlation, whilst the red ovals 

show strong, negative correlations between the nematodes identified and the soil 

parameters.           
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Figs. 6.3A and 6.3B: Soil chemical (6.6A) and non-parasitic (6.6B) nematode 

factorial plans in 200-g soil samples collected at Buffelsvallei CA trial site, 100 days 

after planting during the different growing seasons (2010-2014) from monoculture 

maize as well as crop systems which included maize, cowpea and pearl millet. 
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Fig. 6.4: Co-inertia analysis between non-parasitic nematode families and soil 

chemical parameters measured from 200-g soil samples collected at Buffelsvallei CA 

trial site, 100 days after planting during the different growing seasons (2010-2014) 

from monoculture maize as well as crop systems which included maize, cowpea and 

pearl millet. Only strong correlations are referred to by means of green oval 

indicating a strong, positive correlation, whilst the red ovals show strong, negative 

correlations between the nematodes identified and the soil parameters.  
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Figs. 6.5A and 6.5B: Soil chemical (6.8A) and plant-parasitic (6.8B) nematode 

factorial plans in 200-g soil samples collected at Buffelsvallei CA trial site, 100 days 

after planting during the different growing seasons (2010-2014) from monoculture 

maize as well as crop systems which included maize, sunflower and pearl millet. 
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Fig. 6.6: Co-inertia analysis between plant-parasitic nematode genera and species, 

and soil chemical parameters, respectively, measured from 200-g soil samples 

collected at Buffelsvallei CA trial site, 100 days after planting during the different 

growing seasons (2010-2014) from monoculture maize as well as crop systems 

which included maize, sunflower and pearl millet. Only strong correlations are 

referred to by means of green oval indicating a strong, positive correlation, whilst the 

red ovals show strong, negative correlations between the nematodes identified and 

the soil parameters.          
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Figs. 6.7A and 6.7B: Soil chemical (6.10A) and non-parasitic (6.10B) nematode 

factorial plans in 200-g soil samples collected at Buffelsvallei CA trial site, 100 days 

after planting during the different growing seasons (2010-2014) from monoculture 

maize as well as crop systems which included maize, sunflower and pearl millet. 
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Fig. 6.8: Co-inertia analysis between non-parasitic nematode families, and soil 

chemical parameters measured from 200-g soil samples collected at Buffelsvallei CA 

trial site, 100 days after planting during the different growing seasons (2010-2014) 

from monoculture maize as well as crop systems which included maize, sunflower 

and pearl millet. Only strong correlations are referred to by means of green oval 

indicating a strong, positive correlation, whilst the red ovals show strong, negative 

correlations between the nematodes identified and the soil parameters.  
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Figs. 6.9A and 6.9B: Soil chemical (6.12A) and plant-parasitic (6.12B) nematode 

factorial plans in 200-g soil samples collected at Erfdeel CA trial site, 100 days after 

planting during the different growing seasons (2010-2014) from monoculture maize 

as well as crop systems which included maize, cowpea and pearl millet.  
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Fig. 6.10: Co-inertia analysis between plant-parasitic nematode genera and species, 

and soil chemical parameters measured from 200-g soil samples collected at Erfdeel 

CA trial site, 100 days after planting during the different growing seasons (2010-

2014) from monoculture maize as well as crop systems which included maize, 

cowpea and pearl millet. Only strong correlations are referred to by means of green 

oval indicating a strong, positive correlation.      
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Figs. 6.11A and 6.11B: Soil chemical (6.14A) and non-parasitic (6.14B) nematode 

factorial plans in 200-g soil samples collected at Erfdeel CA trial site, 100 days after 

planting during the different growing seasons (2011-2014) from monoculture maize 

as well as crop systems which included maize, cowpea and pearl millet.  
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Fig. 6.12: Co-inertia analysis between non-parasitic nematode families, and soil 

chemical parameters measured from 200-g soil samples collected at Erfdeel CA trial 

site, 100 days after planting during the different growing seasons (2011-2014) from 

monoculture maize as well as crop systems which included maize, cowpea and pearl 

millet. Only strong correlations are referred to by means of green oval indicating a 

strong, positive correlation, whilst the red ovals show strong, negative correlations 

between the nematodes identified and the soil parameters.    
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Appendix I 

Fig. 1: Amplification product of polymerase chain reactions (PCR) illustrating the 

DNA extracted from „large‟ and „small‟ eggs (white bands) that was present in 50-g 

root samples of maize from five of the eight localities sampled using the D2-D3 

primer. HARTBF = Hartbeesfontein.       
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Figs. 2A and 2B: Amplification product of polymerase chain reactions (PCR) 

illustrating DNA extracted from „large‟ and „small‟ eggs (white bands) that was 

present in 50-g root samples of maize from eight localities sampled using the COI 

(white) and D2-D3 (yellow) primers. KRST = Kroonstad; LICHTB = Lichtenburg; 

HARTBF = Hartbeesfontein; OTSD = Ottosdal; VILJSKR = Viljoenskroon.  
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Appendix III 

Fig. 1: Meloidogyne javanica. collected 60 and 100 days after planting for 50 g roots 

at Buffelsvallei in the 2012/2013 and 2013/2014 seasons with maize, cowpea and 

pearl millet as part of the cropping sequence.      
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Fig. 2: Rotylenchulus parvus collected 60 and 100 days after planting for 50 g roots 

at Buffelsvallei in the 2012/2013 and 2013/2014 seasons with maize, cowpea and 

pearl millet as part of the cropping sequence.      
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Fig. 3: Meloidogyne javanica collected 60 and 100 days after planting from 50 g 

roots at Buffelsvallei for the 2012/2013 and 2013/2014 seasons with maize, 

sunflower and pearl millet as part of the cropping sequence.    
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Fig. 4: Rotylenchulus parvus collected 60 and 100 days after planting from 50 g roots 

at Buffelsvallei for the 2012/2013 and 2013/2014 seasons with maize, sunflower and 

pearl millet as part of the cropping sequence.      
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Fig. 5: Meloidogyne incognita collected 60 and 100 days after planting from 50 g 

roots at Erfdeel for the duration of the study (2010-2014) with maize, cowpea and 

pearl millet as part of the cropping sequence.      
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Fig. 6: Rotylenchulus parvus collected 60 and 100 days after planting from 50 g roots 

at Erfdeel for the duration of the study (2010-2014) with maize, cowpea and pearl 

millet as part of the cropping sequence.       
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Fig. 7: Pratylenchus spp. collected 60 and 100 days after planting from 5 g roots at 

Buffelsvallei for the duration of the study (2010-2014) with maize, cowpea and pearl 

millet as part of the cropping sequence.       
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Fig. 8: Pratylenchus spp. collected 60 and 100 days after planting from 5-g roots at 

Buffelsvallei for the duration of the study (2010-2014) with maize, sunflower and 

pearl millet as part of the cropping sequence.      
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Fig. 9: Pratylenchus spp. collected 60 and 100 days after planting from 5-g roots at 

Erfdeel for the duration of the study (2010-2014) with maize, cowpea and pearl millet 

as part of the cropping sequence.        
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Fig. 10: Scutellonema brachyurus collected before planting and 60 and 100 days 

after planting from 200 g soil at Buffelsvallei for the duration of the study (2010-2014) 

with maize, cowpea and pearl millet as part of the cropping sequence.  
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Fig. 11: Rotylenchulus parvus collected before planting and 60 and 100 days after 

planting from 200 g soil at Buffelsvallei for the duration of the study (2010-2014) with 

maize, cowpea and pearl millet as part of the cropping sequence.   
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Fig. 12: Helicotylenchus dihystera collected before planting and 60 and 100 DAP 

from 200-g soil at Buffelsvallei for the duration of the study (2010-2014) with maize, 

cowpea and pearl millet as part of the cropping sequence.    
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Fig. 13: Scutellonema brachyurus collected before planting and 60 and 100 days 

after planting from 200-g soil at Buffelsvallei for the duration of the study (2010-2014) 

with maize, sunflower and pearl millet as part of the cropping sequence.  
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Fig. 14: Rotylenchulus parvus collected before planting and 60 and 100 days after 

planting from 200-g soil at Buffelsvallei for the duration of the study (2010-2014) with 

maize, sunflower and pearl millet as part of the cropping sequence.   
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Fig. 15: Nanidorus minor collected before planting and 60 and 100 days after 

planting from 200-g soil at Buffelsvallei for the duration of the study (2010-2014) with 

maize, sunflower and pearl millet as part of the cropping sequence.   
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Fig. 16: Criconemoides sphaerocephalus collected before planting and 60 and 100 

days after planting from 200 g soil at Erfdeel for the duration of the study (2010-

2014) with maize, cowpea and pearl millet as part of the cropping sequence. 
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Fig. 17: Tylenchorhynchus goffarti collected before planting and 60 and 100 days 

after planting from 200 g soil at Erfdeel for the duration of the study (2010-2014) with 

maize, cowpea and pearl millet as part of the cropping sequence.   
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Fig. 18: Pratylenchus spp. collected before planting and 60 and 100 days after 

planting from 200 g soil at Erfdeel for the duration of the study (2010-2014) with 

maize, cowpea and pearl millet as part of the cropping sequence.   
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Appendix IV 

Fig. 1: Bacterivore nematodes collected 0, 60 and 100 days after planting from 200 g 

soil at Buffelsvallei in the 2010/2011, 2011/2012, 2012/2013 and 2013/2014 seasons 

with maize, cowpea and pearl millet as part of the cropping sequence.  
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Fig. 2: Fungivore nematodes collected 0, 60 and 100 days after planting from 200 g 

soil at Buffelsvallei in the 2010/2011, 2011/2012, 2012/2013 and 2013/2014 seasons 

with maize, cowpea and pearl millet as part of the cropping sequence.  
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Fig. 3: Predator nematodes collected 0, 60 and 100 days after planting from 200 g 

soil at Buffelsvallei in the 2010/2011, 2011/2012, 2012/2013 and 2013/2014 seasons 

with maize, cowpea and pearl millet as part of the cropping sequence.  
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Fig. 4: Bacterivore nematodes collected 0, 60 and 100 days after planting from 200 g 

soil at Buffelsvallei in the 2010/2011, 2011/2012, 2012/2013 and 2013/2014 seasons 

with maize, sunflower and pearl millet as part of the cropping sequence.  
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Fig. 5: Fungivore nematodes collected 0, 60 and 100 days after planting from 200 g 

soil at Buffelsvallei in the 2010/2011, 2011/2012, 2012/2013 and 2013/2014 seasons 

with maize, sunflower and pearl millet as part of the cropping sequence.  
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Fig. 6: Predator nematodes collected 0, 60 and 100 days after planting from 200 g 

soil at Buffelsvallei in the 2010/2011, 2011/2012, 2012/2013 and 2013/2014 seasons 

with maize, sunflower and pearl millet as part of the cropping sequence.  
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Fig. 7: Bacterivore nematodes collected 0, 60 and 100 days after planting from 200 g 

soil at Erfdeel in the 2010/2011, 2011/2012, 2012/2013 and 2013/2014 seasons with 

maize, cowpea and pearl millet as part of the cropping sequence.   
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Fig. 8: Fungivore nematodes collected 0, 60 and 100 days after planting from 200 g 

soil at Erfdeel in the 2010/2011, 2011/2012, 2012/2013 and 2013/2014 seasons with 

maize, cowpea and pearl millet as part of the cropping sequence.   
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Fig. 9: Predator nematodes collected 0, 60 and 100 days after planting from 200 g 

soil at Erfdeel in the 2010/2011, 2011/2012, 2012/2013 and 2013/2014 seasons with 

maize, cowpea and pearl millet as part of the cropping sequence.   
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CHAPTER 1: General introduction and literature review 

1. General introduction 

Nematode pests are omnipresent in agricultural soils and result in significant crop 

yield and quality losses. By contrast, non-parasitic nematode assemblages that are 

also prevalent in soils, can contribute towards soil quality and sustainable crop 

production.  

 

Although conventional agriculture (CTA) has been and in some countries still is 

dominating, conservation agriculture (CA) is gaining popularity. The latter approach 

is advocated as a sustainable approach to produce crops and is practised by farmers 

across the globe. In essence, CA refers to minimum soil disturbance that takes place 

during soil preparation and planting of crops. Crop rotation and soil cover forms an 

integral part of CA. Crop rotation is the introduction of different crop types, such as 

legumes and others that produce high biomass at the end of the growing season. 

Inclusion of legumes in CA rotation systems is important since it increases nitrogen 

(N) levels in the soil. Also, a high biomass crop will ensure that soil cover is optimal 

and provides organic matter that result in an increase in the carbon concentration of 

the soil. Soil cover also provides protection against erosion and water runoff, and 

thereby improves water retention of the soil. Although CA is still limited in SA, a 

number of local farmers have adopted CA practises to decrease input costs as well 

as to conserve agricultural soils of which the majority are degraded.  

 

This study overall aimed to i) determine the identity and abundance of nematodes 

(both plant-parasitic and non-parasitic) in local agricultural soils (by means of a 

survey) and ii) study the effect of CA on nematode assemblages at two experimental 

sites. The reader is first introduced to various aspects (e.g. origin, anatomy, 

agronomy and production) of maize (Zea mays L.), which is a major food crop in 

South Africa. The same is done, but to a lesser extent for other rotation crops such 

as cowpea (Vigna unguiculata (L.) Walp), pearl millet (Pennisetum glaucum (L.) 

R.Br.) and sunflower (Helianthus annuus L.). A general introduction to both plant-

parasitic and non-parasitic nematodes is provided. In terms of plant-parasitic 

nematodes, emphasis was placed on root-knot (Meloidogyne Goeldi, 1887) in 

particular, followed by lesion nematodes (Pratylenchus Filipjev, 1936) and 
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Rotylenchulus Linford & Oliveira, 1940. The latter genus is suggested to play a more 

important role in maize production than anticipated before. Other important aspects 

attended to are methods, both morphological and molecular, used to identify 

nematode species (Meloidogyne spp. in particular), followed by strategies used to 

manage nematode pests. Concerning non-parasitic nematodes, emphasis was 

placed on the different trophic groups these organisms represent as well as their role 

as bio-indicators of soil quality. Ultimately, this introductory chapter serves as a 

background for the technical chapters that follow.  

 

The technical part of the study dealt with several individual objectives of which the 

first entailed both morphometrical and molecular methods used to distinguish 

between Meloidogyne and Rotylenchulus spp. eggs. Eggs of these two genera 

occurred together in root samples extracted using an adapted NaOCl method. This 

chapter represents novel and useful information that has never before been reported 

by nematologists and formed the basis of this study. The second objective 

represented a nematode survey that was conducted during the 2012/2013 growing 

season in maize fields under both CA and CTA practises in the North-West and Free 

State provinces. Adjacent natural-veld sites were also sampled at each locality to 

relate the nematode assemblages in these three environments. The third and fourth 

objectives focused on the effect of CA compared to CTA on plant-parasitic and non-

parasitic nematodes at two distinctly different CA experimental sites (part of the 

Agricultural Research Council‟s - Grain Crops Institute), in terms of soil type in 

particular. The final objective of this study focused on associations between 

nematodes and yield, and soil chemical parameters. 
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2. Literature review 

2.1. Agricultural crops of importance in South African cropping systems 

2.1.1 Production and importance of maize in South Africa 

Maize is the third most important grain crop, after rice and wheat, used for human 

consumption, livestock feed as well as in the industrial sector (Joshi et al., 2005; 

Meng et al., 2006; Capehart & Allen, 2013). In the United States of America (USA), 

Argentina, Australia, China and India maize is mainly produced as feed for livestock 

and poultry (FAO, 1997; Joshi et al., 2005; Mc Donald & Nicol, 2005; Meng et al., 

2006; Capehart & Allen, 2013). In South Africa maize, specifically white maize that 

consists of more than half of the production, is primarily produced for human 

consumption (GrainSA, 2016). 

 

In terms of world rankings, South Africa was the 11th biggest producer of maize 

during 2013 (FAO, 2015). Maize is the most important grain crop cultivated in South 

Africa (Du Plessis, 2003), with approximately eight million metric tons (MT) produced 

on about three million hectares (ha) of land annually (Du Plessis, 2003; Anonymous, 

2013). South Africa is the biggest maize producer on the African continent, with the 

main production areas being situated in the North-West, Free State, Mpumalanga 

(Highveld) and KwaZulu-Natal (Midlands) Provinces (Du Plessis, 2003) (Fig. 1.1). 

For the 2014/2015 growing season, white maize production averaged ± 7.7MT, while 

yellow maize produced averaged approximately 6.5 MT (GrainSA, 2016).  
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Figure. 1.1: The maize production areas in South Africa highlighted in green 

(http://www.spectrumcommodities.com/education/commodity/maps/corn/safcrn.gif). 

 

2.1.2 Other crops included in local cropping systems 

In local maize production areas, a variety of other crops are included as rotation 

crops such as cowpea, dry bean (Phaseolus vulgaris L.), millets or forage sorghum 

(Sorghum bicolor (L.) Moench), potato (Solanum tuberosum L.), soybean (Glycine 

max L. Merr.), sunflower and wheat (Triticum aestivum L. ) (Bolton et al., 1989; 

Fourie et al., 2001). For the purpose of this study a synopsis of the origin, 

classification, agronomy and production figures of cowpea, pearl millet and sunflower 

are listed in Table 1.1 since they represent the crops used in the CA experiments of 

the ARC – GCI (see Paragraph 1.1) used for this study. 
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Table 1.1: A summary of the origin, agronomy and production (FAOSTAT, 2013) of sunflower, cowpea and pearl millet.  

Scientific 

and 

common 

name of 

crop  

Family Origin 

Agronomy Production figures for 2013 

Plant height 

Optimal mean 

growth 

temperature (T°) 

Rainfall 

required for 

optimal growth 

and 

development 

Globally* South Africa* 

Production 

areas in South 

Africa** 

Sunflower 

Helianthus 

annuus L. 

 

 

Asteraceae 

 

 

 

 

Domestication of wild 

sunflower  in central United 

States (Liu & Burke, 2006) 

 

 

60-390 cm 

 

 

 

 

Frost-free, 

18-25 °C 

 

 

 

500-850 mm  

 

 

 

 

±45 million MT 

 

 

 

 

557 000 MT 

 

 

 

 

North West, Free 

State, 

Mpumalanga and 

Limpopo 

Provinces 

Cowpea 

Vigna 

unguiculata 

(L.) Walp 

 

 

Fabaceae 

 

 

 

West Africa (Ba et al., 

2004) 

 

 

 

 

 

76-91 cm 

 

 

 

 

 

30 °C 

 

 

 

 

 

400-750 mm 

 

 

 

 

 

±3.2 million 

MT 

 

 

 

 

5 000 MT 

 

 

 

 

 

Limpopo, 

Mpumalanga, 

North-West and 

KwaZulu-Natal 

Provinces 

Pearl millet 

Pennisetum 

glaucum (L.) 

R.Br. 

 

Poaceae 

 

 

West Africa (Oumar et al., 

2008) 

 

50-400 cm 

 

 

 

 

32-35 °C 

 

 

 

 

250-700 mm 

 

 

 

 

±30 million MT 

 

 

 

 

6 700 MT 

 

 

 

 

Limpopo, 

KwaZulu-Natal & 

Free State 

Provinces 

**Production guidelines compiled by Directorate Plant Production, Department of Agriculture, forestry and fisheries in collaboration with the ARC, South Africa (listed in descending order in terms 

of production figures). 
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2.1.3 Practises used in maize-based cropping systems 

The two types of agricultural practises used by local farmers, namely CTA and CA, is 

referred to below. Although CTA has been and still is the dominant practise locally, 

CA is gaining momentum and is increasingly practised by a number of famers across 

the country. The adoption rate of farmers that nowadays practise CA is listed in 

Table 1.2 (Engelbrecht, 2016). 

 

Table 1.2: Summary of the current adoption rate of farmers that practice conservation agriculture in 

South Africa (Engelbrecht, 2016). 

Province Municipal districts Adopted (%) 

Western Cape & 

Southern Cape 
Swartland >70 

Kwazulu-Natal Bergville, Winterton, Vryheid, Piet Retief 50-60 

Mpumalanga 
Delmas, Leandra, Standerton, Middelburg, Ermelo, 

Lydenburg 
30 

Gauteng Bapsfontein, Springs, Nigel, Heidelberg, Vereeniging 20 

Springbokflats Bela Bela, Settlers, Potgietersrus 10-20 

North Free State Vredefort, Parys, Sasolburg 40 

Eastern Free State Bethlehem, Harrismith, Villiers Fiksburg, Ladybrand 5 

Central Free State Kroonstad, Winburg, Bloemfontein, Bultfontein 1 

Eastern Cape Queenstown, Cradock, Humansdorp, Alliwal North 5 

North-West & Free State 

(Sandy soils) 
Wesselsbron, Hoopstad, Hertzogville, Schweizer Reneke <0.5 

North-West 
Ottosdal, Hartbeesfontein, Wolmaranstad, Delaryville, 

Vryburg  
20 

Northern Cape 
Vaalharts Irrigation Scheme: Hartswater, Taung,  Jan 

Kempdorp, Warrenton, Christiana, Bloemhof 
1 

Northern Cape 
Lower Orange Irrigation Scheme: Orania, Hopetown, 

Douglas, Prieska 
5 
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2.1.3.1 Conventional agricultural (CTA) practices 

In South Africa, CTA practices are primarily done in order to control weeds and 

reduce wind and water erosion. Also, another aim of this production practice is to mix 

organic material left behind from the previous crop into the soil and to improve soil 

structure (Du Toit, 1997; Anonymous, 2015). Secondary, CTA is also practiced to 

prepare seedbeds (Du Toit, 1997) and, depending on the soil type, different 

implements are used. For example, in heavier soils (clay soils) the mouldboard and 

disc ploughs are more effective. However by using these ploughs the soil structure 

can degrade rapidly (Du Toit, 1997; Anonymous, 2015). Another factor influencing 

this cultivation method is the depth the farmer wants to plough, e.g. tine or disc 

implements are used when compaction occurred in sandier and wetter soils and are 

considered more effective and is therefore most often used (Anonymous, 2015). The 

cost effectiveness of CTA in terms of fuel used as well as maintenance and repair of 

implements is high and will further be influenced by factors such as soil structure and 

texture, water capacity of the soil as well as the depth of cultivation (Du Toit, 1997). 

 

2.1.3.2 Conservation agricultural (CA) practices 

Conservation agriculture is a means to combine agricultural production in a profitable 

and realistic way under prevailing environmental conditions to optimise the 

sustainable production of crops. Furthermore, CA has proven to be successful in a 

variety of agro-economical environments and for a variety of farming systems (FAO, 

2008). This approach primarily focuses on promoting soil quality by increasing 

population levels and diversity of beneficial organisms that play a role in the 

improvement of soil quality. Conservation agriculture, as proposed by the FAO 

(2008), is characterised by three principles which are related to one another, viz. i) 

minimum soil disturbance, ii) soil cover and iii) crop rotation. These principles can be 

seen as revolutionary since traditional CTA over the centuries emphasised the need 

for a clean seedbed without crop residues (Giller et al., 2009). Therefore, CA is seen 

as an alternative to CTA systems in which soil tillage is the main driving factor 

(Erenstein, 2002; Hobbs, 2007; Gowing & Palmer, 2008; Giller et al., 2009).  

 

Conservation agriculture has, for example, been proposed as a solution in the tropics 

to agricultural problems occurring in smallholder farming systems (Giller et al., 2009). 

Moreover, it has also been adopted on a huge scale by commercial farmers in North- 
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and South America (Bolliger et al., 2006; Triplett & Warren, 2008; Giller et al., 2009). 

This agricultural practice was introduced mainly to address soil degradation resulting 

from farming practices which exhausted the organic matter and nutrient content of 

soils (ACT, 2008). Additionally, it represents a means to reduce intensive labour 

requirements for farming systems (ACT, 2008). The three principles of CA are 

subsequently discussed below, accentuating both the advantages and 

disadvantages of each. 

 

The first principle represents minimum disturbance of soil and it is kept to a minimum 

when preparing the seed bed and relates to the soil cover (layer of crop residues) 

that provides a layer of mulch in CA-practised fields (FAO, 2008). This mulch layer 

not only protects the soil from soil erosion, but also stabilizes the soil-moisture 

content and the temperature of subsequent surface layers (FAO, 2008). The build-up 

of humus that follows minimum soil disturbance, results in an increase in the faunal 

and floral soil diversity, which in turn promotes the creation of air and water channels 

in the soil environment. Thereby, CA in this specific sense contributes to the physical 

stabilization of the soil‟s structure as well as improved water infiltration (FAO, 2008; 

Huggins & Reganold, 2008). However, farmers in the Ethiopian highlands continued 

practising traditional (conventional) tillage to improve water infiltration of soils, 

minimizing the risk of run-off water and to lessen evaporation (Temesgen et al., 

2008; Giller et al., 2009). Despite its positive contribution overall, the negative effects 

of CA, such as soil compaction, waterlogging, soil acidity, aluminium (Al) toxicity etc. 

in particular are evident in poor-structured soils and those with low clay contents that 

are common in the semi-arid and arid areas of sub-Saharan Africa (Aina et al., 1991; 

Giller et al., 2009). In such areas the advantage of a mulch layer may not always be 

adequate to compensate for the negative effects of CA and therefore may result in 

lower crop yields during the first years when CA is practised, compared to CTA 

systems (Nicou et al., 1993; Ikpe et al., 1999; Giller et al., 2009). 

 

The second principle that is characteristic of CA is the presence of a permanent soil 

cover (FAO, 2008). This soil cover provides protection against and reduces soil 

erosion, and also acts as a continuous food supply for micro- and macro soil 

organisms. It also modifies the micro-climate in the soil for optimal growth and 

development of soil organisms, including plant roots (FAO, 2008). It is estimated 
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that, to obtain an 80 % decrease in soil erosion, a 30 % soil cover is required 

(Allmaras & Dowdy, 1985). Nonetheless, a greater soil cover would reduce erosion 

even further (Erenstein, 2002). It was evident that a 50 % decline in the soil organic 

matter content was recorded within 10-15 years after forest and grassland areas 

were converted into agricultural fields in Ibadan, southwest Nigeria (Diels et al., 

2004; Giller et al., 2009). One of the beneficial attributes of CA is that the decline in 

residue mulching will terminate at some point and that soil organic matter will 

accumulate (Giller et al., 2009). However, the reported increase in soil organic 

matter appears to be mainly due to the increase in biomass production (of crop 

residues) and retention in CA systems rather than no/minimum-till (Corbeels et al., 

2006). 

 

The third principle of CA entails that crop rotation be practised and allows the 

inclusion of at least three different crops (of which one should be a legume) as part 

of the system (FAO, 2008). Crop rotation introduces a diverse food supply to soil 

microbes, allowing for a variety of different soil flora and fauna which in turn can 

mineralize this food supply into available nutrients for use by plants (FAO, 2008). 

Furthermore, as the different crops root at different soil depths better exploration and 

utilisation of nutrients within the different soil layers is possible. Also, nutrients that 

have filtered into deeper layers are as a result readily available for the commercial 

crop to be grown (FAO, 2008). Crop rotation also prevents that crop-specific 

diseases and pests are transferred to a follow-up crop through the crop residue left 

behind (FAO, 2008). However, the adoption of crop rotation is more difficult from an 

economic point of view since the production of high-valued crops for consecutive 

seasons is delayed and is often replaced by low-valued crops. Also, the produce of 

grain legumes is only favourable where there is economic gain. For example the use 

of soybean as a rotation crop benefit farmers since it leaves N in the soil for 

utilisation by the follow-up crop and the market price for soybean seed per MT is also 

high (Mpepereki et al., 2000). 

 

3. Nematodes 

3.1 Classification, morphology and biology 

Nematodes are the most numerous Metazoa on earth (Decraemer & Hunt, 2013) 

and are classified in the phylum Nematoda. These organisms are diverse in terms of 
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their morphology, biology and the various ecological niches they inhabit (Luc et al., 

1990; Baxter, 2001). Nematodes are omnipresent and occur in oceans and 

freshwater bodies, extreme environmental conditions such as in Antarctica and 

terrestrial ecosystems (Baxter, 2001; Decraemer & Hunt, 2013). 

 

Plant-parasitic nematodes are classified into two major classes, namely 

Chromadorea and Enoplea (Siddiqi, 2000; De Ley & Blaxter, 2002) (Table 1.3). The 

class Chromadorea includes both plant-parasitic and non-parasitic nematodes under 

the order Rhabditida (previously known as order Tylenchida) (De Ley & Blaxter, 

2002). Two plant-parasitic nematode families, namely Longidoridae and 

Trichodoridae are classified under the class Enoplea and orders Dorylaimida and 

Triplonchida (De Ley & Blaxter, 2002). The rest of the nematode families, classified 

under the latter orders, are non-parasitic nematodes (Siddiqi, 2000). 
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Table 1.3: Summery of the classification of plant- and non-parasitic nematodes present in soils (Siddiqi, 2000; De Ley and Blaxter, 2002). 

Phylum Class Subclass Order Suborder Infra-order Superfamily Family 

Nematoda Chromadorea Chromadoria Rhabditida Rhabditina Diplogasteromorpha   

Rhabditomorpha   

Tylenchina Panagrolaimorpha   

Cephalobomorpha   

Tylenchomorpha *Aphelenchoidea  

Criconematoidea  

*Sphaerularoidea  

*Tylenchoidea  

Enoplea Enoplia Enoplida     

Triplonchida Diphtherophorina  Diphtherophoroidea Diphtherophoridae 

 Trichodoridae 

Tobrilina   Prismatolaimidae 

Dorylaimia Dorylaimida Dorylaimina  Dorylaimoidea Longidoridae 

 Crateronematidae 

 Thronenematidae 

 Dorylaimidae 

 Actinolaimidae 

 Qudsianematidae 

 Aporcelaimidae 

 Nordiidae 

 Throniidae 

 Belondiroidea  

 Tylencholaimoidea  

Mononchida     

Isolaimida     

*Include both plant- and non-parasitic nematodes  
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3.2 Body shape and feeding apparatus 

Nematodes in general are multicellular organisms that are mostly vermiform, ranging 

from 0.2-1 mm in length (Luc et al., 1990) and 15-35 µm in width (Agrios, 1997). 

However, some plant-parasitic nematodes such as individuals belonging to the 

Longidoridae can be as long as 12 mm (Luc et al., 1990; Decreamer & Hunt, 2013). 

In some plant-parasitic nematode species the females lose their vermiform shape 

and become pyriform, globose or lemon-shaped while the males remain vermiform 

(Luc et al., 1990; Decreamer & Hunt, 2013). This phenomenon is known as sexual 

dimorphism and is present in genera such as Cactodera Krall‟ & Krall‟, 1978, 

Globodera (Skarbilovich, 1959) Behrens, 1975 (cyst), Heterodera Schmidt, 1871 

(cyst), Meloidogyne (root-knot), Rotylenchulus (reniform) and Tylenchulus Cobb, 

1913 (citrus nematode) (Luc et al., 1990). Despite the diversity in lifestyle and 

feeding habits present in plant-parasitic and non-parasitic nematodes, their body 

structure is relatively simple (Decreamer & Hunt, 2013). A typical nematode body 

comprises of an external cylinder, the body wall and an internal cylindrical digestive 

system which is separated by a pseudocoelomic cavity (Decreamer & Hunt, 2013). 

This pseudocoelomic cavity is filled with fluid which is under pressure and plays a 

major role in supporting the body shape of nematodes. This cavity also contains a 

number of cells and other organs, including the reproductive system (Decreamer & 

Hunt, 2013).  

 

The body of nematodes is more or less translucent and is covered by a colourless 

cuticle (Agrios, 1997; Decreamer & Hunt, 2013). The nematode body consists of four 

basic systems, namely the digestive, musculature (longitudinal), reproductive and 

nervous systems (Decreamer & Hunt, 2013). Nematodes can either be free-living or 

parasitise plants, humans as well as animals (Maggenti, 1981). All plant-parasitic 

nematodes are equipped with either a hollow (stomato- or odonto) or solid (onchio) 

stylet, which is used to penetrate plant and withdraw nutrients from cells (Agrios, 

1997; Decreamer & Hunt, 2013). By contrast, non-parasitic nematodes have diverse 

mouthparts suited for their different feeding needs and behaviour (Yeates, 1998; 

Yeates et al., 2009). Important to bear in mind is that fungus-feeding (fungivores; 

e.g. Tylenchus Bastian, 1865, sensu latu and some predatory nematodes (e.g. 

Dicolaimoides Heyns, 1963, sensu Das et al., 1969) also possess stylets that enable 

them to obtain their food from the prey they feed on (Heyns, 1971). 
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3.3 Trophic groups 

There are a wide variety of feeding behaviours and within plant-parasitic nematodes 

three main types can be present, namely i) ectoparasitic, ii) semi-endoparasitic and 

iii) endoparasitic (Yeates, 1998; Decreamer & Hunt, 2013). Ectoparasitic nematodes 

do not enter the root tissue but feed only from the outside on the cells near the root 

surface. However, a few species such as Hemicycliophora De Man, 1921 become 

attached to the root by embedding the stylet deeply within the root (Yeates, 1998; 

Decreamer & Hunt, 2013), while others (such as Anguina Scopoli, 1777 and 

Subanguina Paramonov, 1967) migrate upwards and attack above-ground plant-

tissue. Semi-endoparasitic nematodes insert the anterior part of its body into the root 

while the posterior part remains in the soil, e.g. Rotylenchulus (Yeates, 1998; 

Decreamer & Hunt, 2013). Endoparasitic nematodes can be sub-divided into two 

groups. The first is sedentary endoparasites, of which the feeding individuals remain 

with their whole bodies stationary in one area of the root/other belowground plant 

part and feed on giant cells (Meloidogyne spp.) or syncytia (Globodera/Heterodera 

spp.). The second group represent migratory endoparasites which penetrate the root 

tissue and move inside the root while feeding (genera Pratylenchus and Radopholus 

Thorne, 1949) (Yeates, 1998; Decreamer & Hunt, 2013).  

 

Non-parasitic nematodes are abundant and their assemblages diverse, occupying 

every possible ecological niche on the earth (Baxter, 2001; Yeates, 2003). Therefore 

it is not unexpected that a wide variety of feeding behaviours are present within this 

group of nematodes (Yeates, 2003). Non-parasitic nematodes can be divided into 

the following feeding groups i) algal and moss feeders, ii) fungal/hyphal feeders, iii) 

bacterial feeders, iv) substrate ingesters, v) animal predators; a) ingesters and b) 

piercers, vi) unicellular eukaryote feeders and vii) omnivore (Bongers & Bongers, 

1998; Yeates, 2003). Each feeding group is equipped with specialised characteristics 

to facilitate their feeding. Bacterial feeders may have either labial or cephalic 

probolae or both present, small mural teeth or denticles and a muscular pharynx 

(Heyns, 1971). Fungal/hyphal feeders have small stylets which they use to penetrate 

the fungal hyphae (Yeates, 2003), while predators (animal predators) either have 

spears for piercing and sucking the nutrients from their prey or they have mural teeth 

and/or rows of denticles (free-living, terrestrial) inside a large barrel-shaped mouth 
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with which they ingest their prey (Heyns, 1971; Yeates, 2003). The beneficial role of 

non-parasitic nematodes in soils is presented in Paragraph 1.6. 

 

3.4 Life cycle 

Both plant- and non-parasitic nematode groups usually have four juvenile stages (J1, 

J2, J3 and J4) between the egg- and adult phase, with intervening moults which 

allows increase in size (both in width and length) (Luc et al., 1990). For some 

nematode species, one of the juvenile stages is usually resistant to environmental 

stress and can therefore survive until conditions become optimal again (Decreamer 

& Hunt, 2013). In non-parasitic rhabditids this juvenile stage is referred to as a dauer 

larva (Decreamer & Hunt, 2013). Eggs of nematodes may be laid individually or in 

egg-masses (Decreamer & Hunt, 2013). The egg-masses could either be protected 

by a gelatinous matrix (Meloidogyne) or within a tough cyst (Heterodera/Globodera), 

which is formed by the body of the dead female (Decreamer & Hunt, 2013). Second-

stage juveniles (J2) generally hatches from the eggs once the environmental 

conditions are optimal for them and grow in size through moulting until they mature 

into females or males (Agrios, 1997). The life cycle of plant-parasitic nematodes, 

depending on the species, varies between a few to 30 days or in some species 

longer (Decreamer & Hunt, 2013). The life cycle of the groundnut-pod nematode 

(Ditylenchus africanus Wendt, Swart, Vrain & Webster, 1995), which is endemic to 

South Africa is for example only 7 days (De Waele et al., 1997) while that for 

Meloidogyne varies between 20–30 days depending on soil temperature (Heyns, 

1971). Both these species can thus be defined as r strategists since they represent 

small nematodes with relatively short life cycles and high numbers of offspring 

(Bongers & Bongers, 1998). For non-parasitic nematodes completion of the life cycle 

also varies between different species (Bongers & Bongers, 1998). For example, 

rhabditid nematodes have short life cycles of approximately a week with high 

numbers of small eggs being produced (another example of r strategists) (Bongers & 

Bongers, 1998). However, the life cycle of non-parasitic Dorylaimid nematodes can 

take months to complete with only a few eggs being produced (Bongers & Bongers, 

1998). The latter nematodes represent K strategists since they are relatively big 

individuals that have a long life cycle with low numbers of offspring (Ferris et al., 

2001). 
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3.5 Reproduction 

In terms of their reproductive behaviour, plant-parasitic and non-parasitic nematodes 

are typically apmhimictic with separate male and female individuals being present 

(Evans, 1998; Decreamer & Hunt, 2013). However, with regard to plant-parasitic 

nematodes, several species lack males and reproduce usually via parthenogenesis 

or in rare cases through hermaphroditism (e.g. Caenorhabditis elegans Maupas, 

1900) (Evans, 1998; Decreamer & Hunt, 2013). On the other hand, non-parasitic 

nematodes generally reproduce through amphimixis, while reproduction by means of 

parthenogenesis and hermaphrodism are rare (Evans, 1998). The reproductive 

systems of nematodes are well developed, with one or two ovaries and a uterus that 

terminates in a vulva in females (Agrios, 1997; Decreamer & Hunt, 2013). Male 

nematodes have testes, seminal vesicles, copulatory spicules and in some species a 

bursa and/or supplements to facilitate copulation (Agrios, 1997; Decreamer & Hunt, 

2013). 

 

3.6 Symptoms inflicted by plant-parasitic nematodes 

Reduction in plant growth and yield loss are the most general effects as a result of 

parasitism by plant-parasitic nematodes (Manzanilla-López et al., 2004; Luc et al., 

2005). Symptoms, above- and below-ground (Fig. 1.2), may vary according to the 

parasitic nature of the specific plant-parasitic nematode as well as their relationship 

with its host (Manzanilla-López et al., 2004). The age and physiological condition of 

the host plant can also influence the symptoms expressed by the host (Manzanilla-

López et al., 2004). Furthermore, factors such as damage by other pests and 

diseases, nutrient deficiency, drought, excessive rainfall, and others may make it 

difficult to distinguish from symptoms caused by plant-parasitic nematodes 

(Manzanilla-López et al., 2004; Luc et al., 2005).  

 

Above-ground symptoms of crop plants infected by plant-parasitic nematodes may 

not be visible but are usually visible as stunted, yellowish, wilted, and/or plants that 

senesce early as well as poor growth, yield or quality. In root-knot nematode infested 

maize fields, patches of poor growing plants generally occur (Fig. 1.2A). 
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Figs. 1.2 A and B: Above-ground symptoms caused by root-knot nematode infection, visible as poor-

growing patches of stunted and yellowish maize (A) and soybean plants (B) (Photo A: Driekie Fourie, 

North-West University; Photo B: Suria Bekker, North-West University). 

 

Below-ground symptoms due to infection by plant-parasitic nematodes vary 

considerably for different genera (Manzanilla-López et al., 2004; Luc et al., 2005; De 

Waele et al. 1997). For the two economically important nematode pests (Jones et al., 

2013), knots or galls are visible on infected roots or other below-ground plant parts 

(Figs. 1.2B & 1.2A), while necrotic lesions are inflicted by feeding lesion nematodes 

Fig. 2.2A). It is therefore of utmost importance to identify nematode-pest symptoms 

correctly in order to assist decision making with regard to management strategies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

A A 

B A 
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Figs. 1.3 A, B & C: (A & C) Stunted, galled abnormal root systems of a maize plant A) and cowpea 

plants (B) that was heavily infected with root-knot (Meloidogyne spp.) (B); brownish lesions on 

necrotic soybean roots due to lesion nematode (Pratylenchus spp.) damage (C) (Photos A & C Suria 

Bekker, North-West University; Photo B: Frans Roos, Syngenta). 

 

3.7 Economically important plant-parasitic nematodes and yield losses caused by 

them 

The 10 economically important plant-parasitic nematodes worldwide are root-knot 

(Meloidogyne), cyst (Heterodera and Globodera), lesion (Pratylenchus), burrowing 

(Radopholus similis (Cobb, 1893) Thorne, 1949), stem and bulb (Ditylenchus dipsaci 

(Kühn, 1857) Filipjev, 1936), pine wilt (Bursaphelenchus xylophilus Steiner & Buhrer, 

1934), reniform (Rotylenchulus reniformis Linford and Oliveira, 1940), Xiphinema 

index Thorne & Allen, 1950, Naccobus aberrans (Thorne, 1935) Thorne & Allen, 

1944 and Aphelenchoides besseyi Christie, 1942 (Jones et al., 2013). In South 

B A 

C 
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Africa, root-knot and lesion nematodes generally also top the list as the economically 

most important nematode pests that parasitise a wide range of agri- and horticultural 

crops, including maize (Riekert, 1996; Bekker et al., 2007; Fourie et al., 2011). 

Although an increase in population levels of Rotylenchulus has been reported for 

local maize crops (Bekker et al., 2007, Fourie et al., 2011), the impact and 

pathogenicity of this genus on the crop is not known (De Waele & Jordaan, 1988; 

Marais et al., 2009). A short synopsis on Meloidogyne and Pratylenchus as 

economically important parasites of maize is given in Paragraphs 3.7.1 and 3.7.2. 

 

Other nematode genera that have been associated with maize are Ditylenchus 

Filipjev, 1936, Helicotylenchus Steiner, 1945, Lobocriconema de Grisse & Loof, 

1965, Nanidorus minor (Colbran, 1956) Siddiqi, 1974, Paratrichodorus Siddiqi, 1973, 

Rotylenchulus Linford & Oliveira, 1940, Rotylenchus Filipjev, 1936, Scutellonema 

Andrássy, 1958, Telotylenchus Siddiqi, 1960 and Tylenchorhynchus Cobb, 1913 

(Louw, 1982; De Waele & Jordaan, 1988). However, due to their relatively low 

population densities, and sporadic occurrence these nematode genera are generally 

not regarded as economically important threats to the local maize industry and 

producers (Louw, 1982; De Waele & Jordaan, 1988). 

 

Plant-parasitic nematodes are devastating pests of food crops (grains, legumes, 

vegetables, tropical and subtropical crops) and cause worldwide 12.3 % losses on 

an annual basis (Hassan et al., 2013; Sing et al., 2015). In monetary terms, the 

estimated annual crop losses globally due to plant-parasitic nematodes are 157 

million US dollars (Hassan et al., 2013; Sing et al., 2015). It is estimated that the 

annual yield loss for maize produced in South Africa ranges between 10 and 60 % 

due to infection by plant-parasitic nematode complexes dominated by Meloidogyne 

and Pratylenchus spp. (Riekert, 1996 a & b; Riekert and Henshaw, 1998). This figure 

is, however, debatable since producers attribute crop damage to other factors 

displaying similar symptoms than those inflicted by plant-parasitic nematodes (see 

Paragraph 3.6).  

 

It is imperative that accurate and extensive knowledge be generated with regard to 

plant-parasitic nematodes and their effect(s) on crop yield and quality (Ferris, 1984; 

Schomaker & Been, 2006). Furthermore, accurate identification of plant-parasitic 

A 
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nematode species is essential in order to assist researchers and extensionists to 

recommend meaningful nematode management strategies (Ziljstra et al., 2000; 

Subbotin et al., 2013).  

 

3.7.1 Meloidogyne spp. 

At the end of 2012, approximately 100 nominal Meloidogyne spp. have been 

identified worldwide (Karssen et al., 2013). In South Africa root-knot nematodes are 

the economically most important nematode pest with a total of 14 species identified 

to date (Kleynhans et al., 1996; Onkendi et al., 2014; Marais & Swart, 2015) (Table 

1.4). The most common root-knot nematodes species that parasitise crops in South 

Africa are Meloidogyne javanica (Treub, 1885) Chitwood, 1949, Meloidogyne 

incognita (Kofoid and White, 1919) Chitwood, 1949, Meloidogyne hapla Chitwood, 

1949 and Meloidogyne arenaria (Neal, 1889) Chitwood, 1949 (Kleynhans et al., 

1996; Fourie et al., 2001; Marais & Swart, 2015). 
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Table 1.4: A summary of the root-knot nematode species identified in South Africa, their distribution, the crops and plant species they are associated with and 

their importance as pests (Kleynhans et al., 1996; Onkendi & Moleleki, 2013; Agenbag, 2016; M. Marais, unpublished data). 

Species Distribution Crop and plant hosts Importance 

Meloidogyne acronea  

Coetzee, 1956 

North-West and Free State Provinces  

 

Grain sorghum, grass and potato 

 

Low 

 

Meloidogyne arenaria 

(Neal, 1889) Cobb, 1890 

 

Gauteng, North-West, Free State and 

Western Cape Provinces 

 

Grapevine, maize, beans, potato, sunn-hemp, tomato, velvet 

bean 

  

Least common of the four predominant species. 

Importance low on maize but high on tomato 

 

Meloidogyne chitwoodi  

Golden, O‟Bannon, Santon & Finley, 1980 

Eastern Cape , KwaZulu-Natal Provinces 

 

Potato, wheat soil 

 

Low 

 

Meloidogyne ethiopica  

Whitehead, 1968 
Gauteng, KwaZulu-Natal, Mpumalanga Provinces 

Carrot, macadamia, natural veld, ornamental nurseries, 

pineapple, soybean 

Low  

 

Meloidogyne fallax  

Karssen, 1996 
Northern Cape Province Groundnut, tomato Low 

Meloidogyne graminicola  

Golden & Birchfield, 1965 

Limpopo Province  

 

Dallis grass 

 

Low 

 

Meloidogyne hapla 

Chitwood, 1949 

 

 

Eastern Cape, Free State, KwaZulu-Natal, Limpopo, 

Northern Cape, North-West, Mpumalanga, Gauteng and 

Western Cape Provinces 

Natural veld, lucerne, soybean, tomato 

 

 

 

 

Third most common species in SA. Importance 

high  

 

 

 

Meloidogyne hispanica  

Hirschmann, 1986 

KwaZulu-Natal, Western Cape, Gauteng Provinces 

 

Fig, grapevine, sugarcane 

 

Low 

 

Meloidogyne incognita 

(Kofoid & White, 1919) Chitwood, 1949 

 

 

Eastern Cape, Free State, KwaZulu-Natal, Limpopo, 

Northern Cape, North-West, Mpumalanga, Gauteng and 

Western Cape Provinces 

 

Race 1: banana (reported once); Race 2: variety of crops 

including groundnut, maize, potato, sunflower, soybean, 

sugar cane, tomato; Race 4: cotton and tobacco 

 

Second most common species in South Africa. 

Importance very high 
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Table 1.4 continues 

Species Distribution Crop and plant hosts Importance 

Meloidogyne javanica 

(Treub, 1885) Chitwood, 1949 

 

Eastern Cape, Free State, KwaZulu-Natal, Limpopo, 

Northern Cape, North-West, Mpumalanga, Gauteng and 

Western Cape Provinces 

Variety of crops including maize, natural veld, potato, 

soybean, sunflower, sugar cane, tomato 

 

Most common species in SA. Importance very 

high  

 

Meloidogyne kikuyensis  

De Grisse, 1961 

KwaZulu-Natal Province 

 

Sugarcane 

 

Low 

 

Meloidogyne enterolobii  

Yang & Eisenback, 1983 

 

 

 

KwaZulu-Natal, Limpopo, Mpumalanga Provinces  

 

 

Black Jack weed, guava, green pepper, potato and tomato 

 

 

Very high - emerging threat species on a variety 

of crops 

 

 

 

Meloidogyne partityla  

Kleynhans, 1986 

Mpumalanga Province 

 

Daliis grass, pecan  

 

Low 

 

Meloidogyne vandervegtei  

Kleynhans, 1988 

KwaZulu-Natal Province 

 

Described from unidentified woody plant, possibly camphor 

bush 

Low 
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3.7.2 Pratylenchus spp. 

Lesion nematodes compared to any other plant-parasitic nematode group, have the 

widest host range (Duncan & Moens, 2013). More than 70 species have been 

identified worldwide, with a large number still being inadequately described (Duncan 

& Moens, 2013). In South Africa, 16 lesion nematode species have been identified 

(Table 1.5) (Kleynhans et al., 1996).  

 

Table 1.5: Summary of the lesion nematode species identified in South Africa, their distribution, the 

crops and plants they are associated with and their importance as pests (Kleynhans et al., 1996; 

Fourie et al., 2001). 

Species Distribution Crop history Importance 

Pratylenchus brachyurus 

(Godfrey, 1929) Filipjev & 

Schuurmans Stekhoven, 

1941 

Free State, KwaZulu-Natal, 

Limpopo, Mpumalanga, 

Northern Cape North-West, 

Western Cape Provinces 

Cereals, cotton, fodder crops 

fruits, natural veld, paprika, 

vegetables 

 

Severe on potato, very 

damaging to 

groundnut, maize, 

pineapple 

Pratylenchus coffeae 

(Zimmerman, 1898) Filipjev 

& Schuurmans Stekhoven, 

1941 

Eastern Cape, KwaZulu-Natal, 

Limpopo, Mpumalanga, North-

West, Western Cape Provinces 

 

Banana, citrus, grapevine, 

natural veld 

 

 

High 

 

 

 

Pratylenchus crenatus  

Loof, 1960 

 

 

 

Free State, Gauteng, KwaZulu-

Natal, Mpumalanga, Northern 

Cape, North-West, Western 

Cape Provinces 

 

Cereals, lucerne, natural veld, 

pear, sunflower 

 

 

 

High 

 

 

 

 

Pratylenchus delattrei  

Luc, 1958 

Gauteng, Mpumalanga, Western 

Cape Provinces 

Maize, natural veld 

 

Low 

 

Pratylenchus flakkensis 

Seinhorst, 1968 

 

KwaZulu-Natal, Northern Cape, 

Western Cape Provinces 

 

Apple, grapevine, natural veld 

 

 

Low 

 

 

Pratylenchus goodeyi  

Sher & Allen, 1953 

Mpumalanga Province 

 

Kiwi fruit 

 

Low 

 

Pratylenchus hexincisus 

Taylor & Jenkins, 1957 

 

Western Cape Province 

 

 

Potato 

 

 

Low 

 

 

Pratylenchus loosi  

Loof, 1960 

North-West Province 

 

Natural veld, vegetables 

 

Low 

 

Pratylenchus neglectus 

(Rensch, 1924) Filipjev & 

Schuurmans Stekhoven, 

1941 

 

 

Eastern Cape, Free State, 

Mpumalanga, Northern Cape, 

North-West,  Western Cape 

Provinces  

 

 

Cereals, cotton, date palm, 

fodder crops, lentil, natural veld, 

pecan nut, soybean, sugar cane, 

temperate fruit 

 

 

High 
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Table 1.5 continues 

Species Distribution Crop history Importance 

Pratylenchus penetrans 

(Cobb, 1917) Filipjev & 

Schuurmans Stekhoven, 

1941 

 

 

Eastern Cape, Free State, 

KwaZulu-Natal, Limpopo, 

Northern Cape, North-West, 

Mpumalanga, Gauteng and 

Western Cape Provinces 

Cereals, cotton, grain legumes, 

natural veld, sunflower,  

temperate fruit, vegetables 

 

 

  

High 

 

 

 

 

 

Pratylenchus pratensis  

(de Man, 1880) Filipjev, 

1936 

 

Free State, KwaZulu-Natal, 

Mpumalanga, North-West, 

Western Cape Province 

 

Cotton, maize, natural veld, 

potato, temperate fruit  

 

 

Low 

 

 

 

Pratylenchus scribneri 

Steiner, 1943 

 

 

 

Eastern Cape, KwaZulu-Natal, 

Mpumalanga,  Northern Cape, 

North-West,  Western Cape 

Provinces 

 

Apple, cotton, grapevine, 

lucerne, millet, pear, tobacco 

 

 

 

Low 

 

 

 

 

Pratylenchus teres  

Khan & Singh, 1974 

 

Pratylenchus teres subsp. 

vandenbergae  

Carta, Handoo, Skantar, 

Van Biljon & Botha, 2002 

Northern Cape, North-West 

Provinces 

 

 

 

 

 

Cotton, pearl millet, tobacco, 

soybean  

 

 

 

 

 

Unknown 

 

 

 

 

 

 

Pratylenchus thornei  

Sher & Allen, 1953 

 

 

 

Eastern Cape, Limpopo, 

Mpumalanga, Northern Cape, 

North-West, Western Cape 

Provinces 

 

Cotton, carnation, date palm, 

grass, lucerne, paprika, pear, 

tobacco, sunflower, wheat  

 

 

High 

 

 

 

 

Pratylenchus vulnus  

Allen & Jensen, 1951 

 

 

Eastern Cape, Gauteng, 

KwaZulu-Natal, Mpumalanga, 

North-West Province 

 

Cotton, maize, natural veld, 

potato, roses, temperate fruit  

 

 

Low  

 

 

 

Pratylenchus zeae  

Graham, 1951 

 

 

 

Eastern Cape, Free State, 

KwaZulu-Natal, Limpopo, 

Northern Cape, North-West, 

Mpumalanga, Gauteng and 

Western Cape Provinces 

Cereals, cotton, fruits, grain 

legumes, hop, indigenous trees 

and plantations, natural veld, 

oilseed crops, sugarcane, 

vegetables 

High 

 

 

 

 

 

3.7.3 Rotylenchulus spp. 

Although this genus is not an exceptional problem-causing pest in local agri- and 

horticultural crops, an increase in Rotylenchulus numbers have been reported from 

maize and soybean research sites and diagnostic samples during the past few years 

(Bekker et al., 2007; Fourie et al., 2011). Therefore, a short overview on this genus 

will be given.  
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Rotylenchus parvus (Williams, 1960) Sher, 1961 is the most common species of this 

genus in South Africa, while Rotylenchulus reniformis (reniform nematode) is 

regarded as the economically most important worldwide, including in Australia, India, 

Japan and the USA (Kleynhans et al., 1996; Robinson et al., 1997; Davis & Webster, 

2005; Moore, 2012; Russi, 2012; Konan et al., 2014; Schrimsher et al., 2014). The 

reniform nematode is a devastating pest of various crops such as cotton, pineapple 

as well as a wide variety of vegetables (Robinson et al., 1997). Although R. 

reniformis has been identified from banana and papaya in South Africa, its presence 

in local maize production areas has not been reported (Marais & Swart, 2015). In 

South Africa six Rotylenchulus spp. has been identified and are listed in Table 1.6 

(Kleynhans et al., 1996).  

 

Table 1.6: Summary of Rotylenchulus spp. identified in South Africa, their distribution, the crops and 

plants they are associated with and their importance as pests (Kleynhans et al., 1996). 

Species Distribution Crop history Importance 

Rotylenchulus borealis  

Loof & Oostenbrink, 1962 

 

Western Cape 

 

 

Channelled heath (shrub) 

(Ericaceae) 

 

Unknown 

 

Rotylenchulus clavicaudatus 

subsp. dasgupta Raski & Sher, 

1968 

Eastern Cape, KwaZulu-Natal, 

Mpumalanga Provinces 

 

 

Natural veld, bird of paradise 

flower (Musaceae), sugarcane 

 

 

Unknown 

 

 

 

Rotylenchulus leptus subsp. 

dasgupta  

Raski & Sher, 1968 

Eastern Cape, Northern Cape, 

KwaZulu-Natal, Mpumalanga 

 

Maize, natural veld, pine trees 

 

 

Unknown 

 

 

Rotylenchulus parvus  

(Williams, 1960) Sher, 1961 

 

 

 

Eastern Cape, Free State, 

KwaZulu-Natal, Limpopo, Northern 

Cape, North-West, Mpumalanga, 

Gauteng and Western Cape 

Provinces 

Cereals, coffee, cotton, date palm, 

fodder crops, fruits, grain legumes, 

natural veld, nut crops, sugarcane, 

oilseed crops, vegetables, tobacco 

  

Unknown 

 

 

 

 

Rotylenchulus reniformis 

Linford & Oliveira, 1940 

 

 

KwaZulu-Natal, Mpumalanga, 

Western Cape Provinces 

 

 

Banana, natural veld, papaya 

 

 

 

Intermediate 

(but high in the 

rest of the 

world) 

Rotylenchulus sacchari  

Van den Berg & Spaull, 1981 

 

Gauteng, KwaZulu-Natal, 

Mpumalanga Provinces 

 

Lucerne, natural veld, sugar cane 

 

 

Unknown 

 

 

 

As indicated earlier, accurate identification of nematode pests is quintessential to 

ensure meaningful research. This topic is hence presented below. 
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4. Nematode identification 

Accurate identification of nematodes is quintessential for successful employment of 

control strategies (Blok & Powers, 2009) such as chemical control, crop rotation and 

host plant resistance. Knowlegde about the identity of the target nematode pest 

species is also crucial for regulatory and plant-quarantine requirements as well as for 

species that are classified as emerging threats (Adam et al., 2007; Blok & Powers, 

2009). Plant-parasitic and non-parasitic nematodes can be identified by means of 

two approaches, namely i) morphological and morphometrical methods and ii) 

molecular techniques. 

 

4.1 Morphological and morphometrical identification on nematodes 

Morphological and morphological identification of nematodes (both plant-parasitic 

and non-parasitic) entail the use of certain characteristics that are unique to each 

species. Such characteristics include, for example, the length various structures 

such as the body, stylet, oesophageal overlap and various others as well as the 

shape and size of the tail, position of the vulva, measurement and shape of spicules 

and others (Decraemer & Hunt, 2013). Highly specialized personnel are needed to 

accurately identify nematode species (Moens et al., 2009). 

 

4.2 Molecular techniques  

Molecular techniques using deoxyribonucleic acid (DNA)-based methods have the 

advantages that DNA of the target nematode(s) is relatively easily acquired and that 

only one or a few nematode individuals of any life stage can be used (Adam et al., 

2007; Devran and Söğüt, 2009; Subbotin et al., 2013). Several DNA-based methods 

exist and include the Polymerase Chain Reaction (PCR), Sequence-Characterized-

Amplified-Regions (SCAR), Random-Amplified-Polymorphic DNA (RAPD), real-time 

PCR, microarrays as well as sequencing of DNA (Blok & Powers, 2009; Subbotin et 

al. 2013). For the purpose of this study, concise summaries of the SCAR-PCR and 

DNA sequencing techniques are given since they were used to identify nematode 

species during this research (see Chapters 2 and 3 of this thesis). 

 

4.2.1 Ribosomal DNA PCR 

The first step of using molecular techniques to identify nematodes is the extraction of 

the DNA using proteinase K, which is the most quick and cost effective approach 
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(Waeyenberge et al. 2000; Subbotin et al., 2013). The extraction DNA is next usually 

subjected to the PCR technique. The PCR technique is one of the most widely used 

methods for the identification of nematodes and is affordable, and quick in 

constructing large amounts of duplicates of a DNA fragment by means of an enzyme 

catalyst (Subbotin et al, 2013). For example, when a universal nematode primer 

(such as D2-D3 and COI) (He et al., 2005a; Subbotin et al., 2006; Sakai et al., 2011 ) 

are used, the PCR method will produce DNA that is amplified into over a billion 

duplicates of the DNA fragment initially extracted (Subbotin et al., 2013). The use of 

ribosomal (rDNA) and mitochondrial (mtDNA) DNA to accurately identify nematodes 

and subsequently construct phylogenetic trees has been successful (Blok & Powers, 

2009). The rDNA contains the 28S coding gene, while mtDNA contains components 

of the oxidative phosphorylation structure and subunits of the cytochrome c oxidase 

gene (COI-COIII) (Subbotin et al. 2013). Both these genes (28S and COI) have been 

used successfully in identifying various Meloidogyne spp. (Blok & Powers, 2009; 

Subbotin et al., 2013). 

 

4.2.2 Sequence-Characterized Amplified Regions (SCAR) technique 

The SCAR technique has especially been successful in identifying Meloidogyne spp. 

(Blok & Powers, 2009). This technique is based on specific primers developed to 

amplify diagnostic specific regions of a DNA sequence by means of PCR (Blok & 

Powers, 2009). Primer sets are available for several Meloidogyne spp., including M. 

incognita, M. javanica, M. arenaria, M. hapla, Meloidogyne chitwoodi Golden, 

O‟Bannon, Santo & Finley, 1980, Meloidogyne enterolobii Yang & Eisenback, 1983 

and Meloidogyne fallax Karssen, 1996 (Blok & Powers, 2009). However, the 

sensitivity and specificity of each primer set can vary and is reliant on the various 

Meloidogyne spp. as well as isolates that have been tested (Ye et al., 2012). The 

identification of multiple Meloidogyne spp. occurring in the same sample can hence 

be done in a single reaction (Blok & Powers, 2009; Ye et al., 2012). 

 

4.2.3 DNA sequencing 

The sequencing of DNA is the process where the order of the nucleotide bases 

within a DNA fragment is determined (Subbotin et al., 2013). Different methods exist 

for DNA sequencing, including the chemical degradation method and the chain 

termination sequencing method (Subbotin et al., 2013). The latter technique is the 
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most widely used and is similar to PCR in that it produces new fragments of DNA 

that matches a single-stranded DNA prototype (Subbotin et al., 2013). For the 

sequence reaction, the components consists of prototype DNA, DNA polymerase 

with reaction buffer, one primer (D2-D3 or COI) and a mixture containing all four 

deoxynucleotides (dNTP) as well as four dideoxynucleotides (ddNTP) labels 

(Subbotin et al., 2013). The dNTP and ddNTP labels each has a different fluorescent 

colour dye included (Subbotin et al., 2013). The ddNTP labels are inserted where a 

3‟-hydroxyl group is missing and the lengthening of the chain cannot continue 

(Subbotin et al., 2013). The resultant effect of DNA sequencing is that a set of new 

chains consisting of different lengths are formed. These fluorescent labelled 

fragments (dNTP and ddNTP) are separated by using capillary electrophoresis 

(Subbotin et al., 2013). Each labelled fragment passes through a gel where a laser 

stimulates the luminous nucleotide, which produces its own distinctive colour 

(Subbotin et al., 2013). These nucleotides are recorded by a chromatogram output 

program on a computer and the sequence can be viewed by means of computer 

software such as BioEdit and Chromas (Subbotin et al., 2013). 

 

4.2.4 Phylogenetic analysis 

After DNA sequencing the nucleotide fragments can be compared to other available 

sequences of nematodes that are deposited and available in GenBank 

(http://www.ncbi.nlm.nih.gov/genbank). These sequences can be aligned in order to 

establish the position of homology between the nucleotide bases of the identified 

species and its counterpart (from GenBank) and is the first step of phylogenetic 

studies (Subbotin et al., 2013). The maximum likelihood method analyse the 

evolutionary distance between different sequences from which the phylogenetic tree 

can be assembled (Subbotin et al., 2013). The maximum likelihood method makes 

the most effective use of the sequenced data provided and creates the most precise 

assessment of the phylogeny of the nematode species in question (Subbotin et al., 

2013).  

 

Once nematodes are identified correctly, control measures can be applied and used 

in an integrated pest management (IPM) system to protect crops from such pests. 

Although a wide range of nematode control strategies exists, only those that are 

applicable to CA in particular are summarised. 
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5. Nematode control strategies  

5.1 Chemical control 

Nematicides still remains the first choice of many producers when considering 

control methods for plant-parasitic nematodes. Nematicides are primarily applied to 

reduce root/plant damage caused by plant-parasitic nematodes (Tobin et al., 2008). 

Many nematicides are highly toxic and this toxicity has a negative impact on the 

environment. Because of this, several of the chemicals have been withdrawn and 

discontinued (Haydock et al., 2013). Furthermore, their cost effectiveness also needs 

to be taken into consideration especially by smallholder farmers as well as where 

low-valued crops are produced (Riekert, 1996; Karssen et al., 2013). Nevertheless, 

farming without the use of nematicides is unrealistic and such products will keep 

playing a substantial role in sustainable agriculture, both CA and CTA. According to 

Van Zyl (2013) products with terbufos as active substance (a.s.) are registered as 

Class I nematicides on maize in SA. Furfural, which is an aldehyde is also registered 

as a chemical compound, but is characterised as an environmentally-friendly 

product. Since 2011 products with aldicarb and endosulfan as a.s., both registered 

on maize in the past, have been withdrawn from world markets (Anonymous 2012, 

Verdoorn, 2012). For sunflower, the only product registered with nematicidal 

characteristics is carbofuran, which is registered as an insecticide and not a 

nematicide. However, producers use it when high nematode-pest population 

densities are present. The latter scenario also applies for wheat, while no product 

with nematicidal characteristics is registered in SA for either cowpea or pearl millet 

(Van Zyl, 2013).  

 

5.2 Crop rotation 

Crop rotation is one of the oldest and most widely used methods to reduce pests and 

diseases in agri- and horticultural crops (Hooper & Evans, 1993). Certain crop-

rotation sequences used as a control strategy for plant-parasitic nematodes have 

been succesfull. For example, Fortnum et al. (2001) observed in South Carolina 

(USA), that rotation of maize, cotton (Gossypium hirsutum L.), sorghum or rye grass 

(Lolium spp.) with tobacco (Nicotiana tabacum L.) still maintained M. incognita 

populations, but yield losses experienced due to mixed populations of M. incognita, 

M. arenaria and M. javanica were reduced considerably. However, for Meloidogyne 

and Pratylenchus spp. using crop rotation as a means of control is challenging since 
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both of these nematode pests are known to have a wide host range (Riekert, 1996; 

Bekker et al., 2007; Fourie et al., 2011; Duncan & Moens, 2013). Consequently, crop 

rotation as an option when these two nematode pest genera are involved will only be 

effective when poor-host or resistant cultivars of the rotation crops are used. 

Furthermore, with regard to economically-important nematode pests such as root-

knot nematodes the correct identification of the specific nematode species is 

imperative since some cultivars are better hosts of such pests than others (Karssen 

et al., 2013). As indicated earlier (Paragraph 2.1.3.2), crop rotation forms one of the 

pillars of CA to be successful. Careful planning of rotation crops, particularly 

genotypes of such crops that are poor or resistant hosts to the target nematode pest, 

should be considered in CA systems. 

 

5.3 Host plant resistance 

Host-plant resistance is a cost-effective and environmentally friendly strategy for 

suppressing plant-parasitic nematode populations (Starr et al., 2013). Plant 

resistance can be defined as the ability of a host-plant to inhibit nematode 

development as well as its reproduction relative to that of a susceptible host (Sikora 

et al., 2005). However, host-plant resistance currently exists against only a few plant-

parasitic nematodes as well as for a limited number of crops (Cook & Starr, 2006; 

Starr et al., 2013). In South Africa, various crops were evaluated for their host 

suitability against the two predominant root-knot nematode species (M. incognita and 

M. javanica) that are prevalent in local soils. However, although cultivars of various 

crops such as maize (Ngobeni et al., 2011), soybean (Fourie et al., 2015) and 

sunflower (Steenkamp et al., 2015) exhibit resistance against one or both of the said 

root-knot nematode species their use in certain areas is not necessarily preferred by 

producers. It is recommended that producers use cultivars with the poorest host 

status should a resistant cultivar not be available. This approach will play an 

increasing role in managing root-knot nematode pests in agriculture in SA, both CA 

and CTA. 

 

5.4 Biological control 

Biological control agents include predatory nematodes and micro-organisms which 

affect the growth and/or survival of a nematode-pest population adversely (Viaene et 

al., 2013). Nematophagous fungi (e.g. Pochonia chlamydosporia (Goddard) Zare & 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3625126/#B65
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Gams, 2001) and bacteria (e.g. Pasteuria penetrans Sayre & Starr, 1985) are 

examples of organisms that were found to be successful in supressing plant-parasitic 

nematode populations (Viaene et al., 2013). However, biological control of nematode 

pests is not always effective due to factors such as their inadequate spread in soil, 

their inefficacy to establish and proliferate in soil ecosystems, the effect that crop 

cultivar or the soil environment could have on them, the difficulty of mass rearing 

them in vitro as well as the narrow host range that some of the biological organisms 

have (Viaene et al., 2013). In South Africa, only a few products have been registered 

that are biologically based. Concerning CA in particular, the use of new-generation 

seed-coat, biologically-based products with nematicidal characteristics is a valuable 

tool to manage nematode pests such as Meloidogyne. At present only two 

biologically-based seed-coat products are registered on maize in South Africa. 

Avicta® 500FS (Van Zyl, 2013) contains secondary metabolites of the soil-inhabiting 

bacterium Streptomyces avermitilis as the a.s. Poncho®VOTiVo® is the other product 

with Bacillus firmus as a.s. against nematode pests (Anonymous, 2011). It is of 

utmost importance that producers, researchers and chemical representatives realize 

that the efficacy of these products cannot be compared to that of the traditional 

synthetically-derived, Class I products. However, these environmentally more 

friendly products have a definite role to play in IPM systems, especially in CA. 

 

5.5 Physical control 

Physical control methods are being used very frequently to reduce nematode-pest 

levels, especially by smallholder farmers (Bridge, 1996). Physical control includes 

heat, flooding, fallow, organic amendments and soil tillage (Bridge, 1996; Whitehead, 

2002; Sikora et al., 2005; Viaene et al., 2013). The only physical control strategy to 

be discussed in detail is soil tillage since the main objective of this study was to 

investigate the effect of tillage and minimum-till (as referred to commonly in CA) on 

nematode assemblages.  

 

5.5.1 Soil tillage 

It has been reported that plant-parasitic nematode densities generally decline when 

soil tillage is practised (Sikora et al., 2005). Soil tillage involves the turnover of top 

soil by means of the moldboard plow and disk harrow and thereby incorporates the 

remaining residue of the previous crop into the soil (Minton, 1986; Du Toit, 1997). 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3625126/#B65
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Furthermore, soil tillage also reduces germination of various weeds, which serve as 

alternative hosts for nematode pests as well as recurring plants from the previous 

crop (Sikora et al., 2005). Repeated soil tilling of the upper 30 cm soil layer at 

intervals of 30 days during hot and dry seasons between crops can also significantly 

reduce nematode pests due to desiccation of eggs and infective juvenile stages 

(Sikora et al., 2005). This practice, however, is not always economically justifiable 

(Sikora et al., 2005). Another consideration that needs attention is the loss of soil 

moisture after tilling and the impact this will have on the current and follow-up crop. 

Thus, the use of tillage as a nematode control method should always be assessed 

against all contradictory interests when reduced-tillage is considered. Literature on 

the effect of CA on nematode assemblages is, however, fragmented and scarce but 

referred to in the next section of this chapter. 

 

6. Conservation agriculture (CA) and its effect on nematode assemblages 

Although CA is practised widely in countries such as the USA and Brazil (Bolliger et 

al., 2006; Giller et al., 2009) in particular, only a few studies exist where the three 

principles of this agricultural practice on soil nematode communities were 

demonstrated. For most of the studies done, only two of the principles were 

incorporated. Moreover, contradictory results with regard to plant-parasitic nematode 

management through CA, crop rotation and crop residue/green manure as well as 

the input of organic amendments exist. LaMondia (2008), for example, reported that 

tillage early in the season destroyed tobacco stalks in Connecticut (USA) as well as 

associated root systems and hence resulted in lower tobacco-cyst nematode 

(Globodera tabacum tabacum) (Lownsbery & Lownsbery, 1954) Behrens, 1975 

population densities. Inconsistent results were also reported by McSorley & Gallaher 

(1994) who noticed that tillage and management of cover-crop residues (removal of 

residues vs. leaving it on the field) had little effect on plant-parasitic nematode 

densities in a trial that was done in Florida (USA). Furthermore, it was suggested 

that deciding between a conventional-till and a CA system should not rely only on 

plant-parasitic nematode management (McSorley and Gallaher, 1994). Plant-

parasitic nematodes also showed increases in population densities in organic-

managed agricultural soil when compared to conventional systems in the Piedmont 

region of North Carolina (USA) (Neher, 1999). McSorley (2011) made a similar 

observation and reported that the effects of organic amendments on Meloidogyne 
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spp. in maize fields in Florida (USA) varied and that CA as such is not a reliable 

nematode control alternative. In a study where the effect of compost and manure 

amendments were tested on plant-parasitic nematodes present in potato and barley 

fields (Prince Edward Island, Canada), high population densities of Pratylenchus 

penetrans (Cobb, 1917) Filip‟ev & Schuurmans Stekhoven, 1941 were observed 

while no effect on M. hapla was recorded at termination of the trial (Kimpinski et al., 

2003). However, Berry & Wiseman (2003) suggested that sunn hemp (Crotolaria 

juncea L.), marigolds (Tagetes L. spp.) and forage peanuts (Arachis hypogaea L.) 

reduced M. javanica numbers when used as a green manure in a greenhouse trial 

conducted in South Africa but had no effect on P. zeae population levels.  

 

Although crop rotation is advocated as a traditional method for managing a number 

of plant-parasitic nematodes; including Meloidogyne spp., it is not always effective. 

Fields where two or more root-knot nematode species occur concomitantly for 

example challenged this tool for its usefulness as a nematode control measure 

(Fortnum et al., 2001). Such a scenario is illustrated by soybean that has been 

grown in rotation with tobacco in a field in South Carolina (USA) and where M. 

arenaria race 2 populations increased compared to that of M. incognita that occurred 

in the same soil (Fortnum & Currin, 1993). It is therefore imperative that the plant-

parasitic nematode species present within a field are identified in order to select non-

susceptible host plants for crop rotation systems to be implemented in CA.  

 

One of the most important contributions of practising CA is an increase in the quality 

of soils. This aspect is discussed next in association with non-parasitic nematodes 

that are regarded as superior bio-indicators of soil quality. 

 

7. Soil quality and soil nematode communities 

In terms of agriculture, an extensive definition of soil quality is the ability of soil 

substrates to function within the limitations of an ecosystem, sustaining the 

production of soil-inhabiting biological organisms, concurrently, promoting the health 

of animals and plants and ultimately maintaining environmental quality (Doran & 

Parkin, 1994; Magdoff, 2001). The abundance of nematodes in virtually all 

environments, their diversity of feeding habits, short life cycles and relatively easy 

sampling procedures make them excellent organisms to be used as bio-indicators of 
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soil quality (Porazinska et al., 1999). Non-parasitic nematodes, due to an absorbent 

cuticle, respond readily to pollutants and their densities and complexes usually will 

change when restoration of soils is attempt (Neher, 2001). These nematodes also 

exhibit heat shock proteins (Hashmi et al., 1997), which is enhanced when exposed 

to heat, metal ions or organic toxins (Kammenga et al., 1998), and could serve as 

biomarkers for ecotoxicological calculations of soils (Guven et al., 1994; Guven et 

al., 1999; Kammenga et al., 2006).  

 

The role of non-parasitic nematodes in soils have only recently been realised and 

appreciated (Bongers & Bongers, 1998; Yeates, 2003; Mulder et al., 2005). Non-

parasitic nematodes together with other soil biota play an important role in releasing 

nutrients which they obtain from bacterial and fungal biomass in soils, for uptake by 

plant roots (Bongers & Bongers, 1998). It is estimated that non-parasitic nematodes 

contribute up to approximately 40 % of nutrient mineralisation in certain ecosystems 

(De Ruiter, et al., 1993; Yeates, 2003) and between 19-30 % to the soil‟s soluble 

nitrogen concentration (Wang et al., 2004). Furthermore, carnivorous and 

omnivorous non-parasitic nematodes regulate other soil biota (including plant-

parasitic nematodes) by feeding on them (Bongers & Bongers, 1998).  

 

For non-parasitic nematodes, coloniser-persister (cp) values are used as an indicator 

of soil quality (Ferris et al., 2001). Soils that are representative of superior quality in 

general comprise of low numbers of opportunistic bacteri-, and fungivorous 

nematodes (cp-1), and an abundance of higher trophic level nematodes with feeding 

habits ranging between cp3-5 (Neher, 2001) (Table 1.7). The latter group of 

nematodes are usually easily affected by stress and/or disturbance and are found in 

low densities in most agricultural soils (Neher et al., 2004). Functional guilds 

(Bongers & Bongers, 1998) were hence developed and comprise the integration of 

the different feeding habits (Yeates et al., 1993) and cp-scales (Bongers, 1990; 

Ferris et al., 2001). These functional guilds allow for practical studies of soil 

nematode community dynamics (Pahl-Wostl, 1995; Johnson, 2000). As a result the 

faunal profile (Fig. 1.4) was introduced and incorporates both the feeding habits as 

well as the cp-values that are assigned to each of the soil nematode groups (Ferris 

et al., 2001). 
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Furthermore, the enrichment index (EI) is used to determine the energy flow in soil 

(Wardle & Yeates, 1993; Ferris et al., 2001), while the structural index (SI) 

represents the state of the food web (Ferris et al., 2001). The channel index (CI) is 

based on the decomposition of soil organic matter and represents whether this 

breakdown is dominated by bacteri- or fungivorous nematodes (Ferris et al., 2001) 

(Fig. 1.4).  

 

Table 1.7: The colonizer-persister (cp) scale as introduced by Bongers (1990) and summarized by 

Ferris et al. (2001). 

cp scale Description 

cp-1 
Generally bacterivorous nematodes with short generation cycle; small eggs, high 

fecundity and forms dauer larvae as survival stage. 

cp-2 

Consist of mainly bacteri- and fungivorous nematodes; they have a longer generation 

time and lower fecundity than the cp-1 group; very tolerant to sub-optimum conditions, 

feed more deliberately and will continue to feed even when resources decline. 

cp-3 Includes fungi-, bacteri- and carnivorous nematodes; they have longer life cycles; greater 

sensitivity to adverse conditions. 

cp-4 Fungi-, bacteri-s, carni- as well as smaller omnivorous species; they have longer life 

cycles; more sensitive to disturbances. 

cp-5 Consists predominantly of carni- and omnivores; have the longest generation times; large 

body size; lowest fecundity; most sensitive to instabilities. 

 

The faunal profile is divided into four quadrants, namely Quadrants A, B, C and D 

(Fig. 1.4). With regard to superior soil quality, soils plotted in Quadrant B are 

characterised as enriched and structured and hence contain soil nematode 

communities with high levels of both EI and SI. These soils will contain low 

nematode population densities belonging to the Ba2 and Fu2 guilds, but high 

population densities of bacteri-, fungi- and omnivores, and predators with cp-values 

between 3-5 (Ferris et al., 2001).  
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Fig. 1.4: Functional guilds of non-parasitic soil nematodes categorized by feeding habit and life style 

conveyed along a coloniser–persister (cp) scale (Bongers and Bongers, 1998) and food web structure 

as indicated by the enrichment (EI) and structure (SI) indices, where Ba = bacterivores; Fu = 

fungivores, Om = omnivores; Ca = carnivores with the numbers after each acronym indicating its 

corresponding cp-value for the specific functional group (Ferris et al., 2001). 

 

Hence, soils that plot in Quadrant B should be strived towards by farmers in their aim 

to practice sustainable crop production. Such nematode food webs are generally 

representative of soils where natural vegetation grows or no/minimal disturbances 

occur (Ferris et al., 2001). Quadrant A is indicative of soil communities that are 

enriched (high EI values) but unstructured, dominated by high population densities of 

Ba1 (e.g. Rhabditis Dujardin, 1845 and Panagrolaimus Fuchs, 1930 spp.) guilds 

(Ferris et al., 2001). Soils that occur in Quadrant A are often correlated with 

management practices where fertilizers (Benkovic-Lacic et al., 2013) and pesticides 

are applied regularly (Sánchez-Moreno et al., 2009).  

 

Quadrant C soils are characterised as resource-limited but structured and contain 

soil nematodes with low EI but high SI levels, viz. of low Ba1 and Fu2 (e.g. 

Aphelenchus Fuchs, 1937 and Aphelenchoides Fischer, 1894) guilds (Ferris et al., 

2001). However, higher population densities of Ba4 (e.g. Alaimus de Man, 1880), 
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Fu4 (e.g. Leptonchidae), Om4 (e.g. Prodorylaimus Andrássy, 1959), Om5 (e.g. 

Aporcelaimellus Heyns, 1965), Ca4 (e.g. Mononchus Bastian, 1865) and Ca5 (e.g. 

Discolaimoides Heyns, 1963, sensu Das et al., 1969) guilds occur (Ferris et al., 

2001). Quadrant D (low EI and SI values) soils represent low Ba1 population levels, 

but high densities of guilds which include Ba2 (e.g. Cephalobidae), Ba3 

(Teratocephalus de Man, 1876), Fu2, Fu3 (e.g. Diphtherophoridae), Ca2 (e.g. 

Aphelenchid carnivores) and Ca3 (e.g. Tobrilus Andrássy, 1959) guilds (Ferris et al., 

2001). These soils are indicative of resource-depleted and unstructured soils in 

terms of prevailing nematode communities. Soils that are plotted in Quadrant D also 

indicate the absence of bacteri-, fungi- and omnivores as well as predatory 

nematodes with cp-values between 3 and 5 (Ferris et al., 2001).  

 

Opportunistic, bacterivore nematodes (e.g. Rhabditidae) are the first to increase in 

population densities in fields where high-quality organic material sources and low 

C:N ratio are present (Ferris et al., 2001; Georgieva et al., 2005). The opposite was 

observed for fungivore nematodes (such as Aphelenchoididae) which showed an 

increase in population densities when a lower quality of organic material, high C:N 

ratio, was added (Ferris et al., 2001; Georgieva et al., 2005). Fiscus & Neher (2002) 

reported that some non-parasitic genera showed opposite behaviour with regard to 

tillage and chemical/nutrient applications. For example, chemical/nutrient treatments 

resulted in an increase in Eucephalobus Steiner, 1936 numbers but under tillage 

their numbers declined whereas Prismatolaimus de Man, 1880 populations had the 

opposite response to the treatments (Fiscus & Neher, 2002). Mikola & Sulkava 

(2001) demonstrated that organic matter distribution may affect the population 

densities of non-parasitic nematodes in soil and could allow for a shift between 

bacterial and fungal energy channels. Furthermore, the population densities of 

nematodes belonging to one trophic level may increase with a change in organic 

matter distribution whereas that of another trophic level decreases at the same time 

(Mikola & Sulkava, 2001). 

 

The above mentioned studies represent only a few examples that illustrate the use of 

non-parasitic nematodes as bio-indicators. Several more studies and experiments 

have been reported from across the world. Except for two studies, one by 

Engelbrecht (2012) who used nematodes as bio-indicators in a potato field in the 
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Christiana area (North-West Province, SA) and another by Marais et al. (2009) in the 

Winterton area (KwaZulu-Natal Province, SA) little research has been done on non-

parasitic nematodes and their uses as bio-indicators in South Africa. This country 

has unique crop-production systems with regard to physical, chemical, as well as 

environmental factors. Furthermore, local soils (even natural veld) have low organic 

matter (Du Toit et al., 1994; Du Preez et al., 2011) which allows for interesting soil 

nematode dynamics to be discovered.  

 

8. Objectives 

The ultimate aim of this study was to generate knowledge on the effect(s) of CA on 

nematode assemblages under South African environmental and crop production 

conditions. The specific objectives were to: 

 

i) distinguish between Meloidogyne spp. and Rotylenchulus spp. eggs to determine 

whether two different nematode genera occurred,  

 

ii) conduct a baseline study (survey) and compare the abundance and diversity of 

plant-parasitic (root and soil samples) and non-parasitic (soil samples) nematode 

populations collected from maize fields under CA and CTA practices, as well as from 

adjacent natural veld sites,  

 

iii) determine the effect of CA, in comparison with CTA practices, on plant-parasitic 

nematode population compositions and levels under different maize-based crop 

rotation systems at two experimental sites in the maize-production area of South 

Africa, 

 

iv) determine the effect of CA, in comparison with CTA practices, on non-plant-

parasitic nematode population compositions and levels under different maize-based 

crop rotation systems at the same sites referred to in the former objective, 

 

v) determine whether associations existed between nematode assemblages and 

yield, and soil chemical parameters that occurred at the two experimental localities. 
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9. Hypothesis 

The collective hypothesis of this study was that substantial differences will be 

observed between CA and CTA practices with regard to both plant- and non-

parasitic nematode assemblages. 
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CHAPTER 2 

 

Discrimination between Meloidogyne and Rotylenchulus eggs extracted from 

maize root samples using a standard technique 

Abstract 

Two distinctly different types of eggs, referring to their size, were extracted from 50-g 

maize root samples obtained from field survey and research sites using the adapted 

NaOCl method. This resulted in two groups of eggs being counted and recorded, viz. 

‟‟large‟‟ and „small‟ eggs, since it is impossible to identify nematode genera/species 

by means of morphological characteristics (e.g. shape and/or size) of eggs. The 

main aim of this study was hence to determine whether the identity of the nematode 

genus/genera to which the two types of eggs belonged to can be established using 

morphometric and molecular approaches. Root and rhizosphere soil samples were 

obtained from 12 maize fields in the maize-producing areas of the North-West and 

Free State provinces of South Africa during the 2012/2013 growing seasons. After 

extraction of eggs from maize root samples, the length and width of the „large‟ and 

‟small„ eggs were measured. Subsequently, approximately 20 eggs from the two 

respective groups were isolated, their deoxyribonucleic acid (DNA) extracted and 

sequenced to determine the genus/genera they belonged to. Significant differences 

(P ≤ 0.05) existed between both the length and width measurement of the two 

groups of egg. The plant-parasitic nematode genera identified using DNA 

sequencing showed that ‟small‟ eggs belonged to Rotylenchulus, while „large‟ eggs 

were characterised as being Meloidogyne. The information generated during this 

study is novel and valuable to both the scientific and related industrial platforms 

 

Keywords: Egg size, NaOCl method, DNA-sequencing, Meloidogyne sp., 

Rotylenchulus sp., South Africa 
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1. Introduction 

In South Africa the economically most important nematode pests that parasitise 

maize (Zea mays L.) are root-knot (Meloidogyne Goeldi, 1887) and lesion 

(Pratylenchus Filipjev, 1936) nematodes (Louw, 1982; De Waele & Jordaan, 1988a; 

Mc Donald & Van den Berg, 1993; Fourie et al., 2001; Bekker et al., 2007; Fourie et 

al., 2011). These two plant-parasitic nematode genera have been associated with 

maize yield losses ranging between 12 and 60 % (Louw, 1982; Keetch, 1989; 

Riekert, 1996 a & b; Riekert & Henshaw, 1998). Other plant-parasitic nematode 

genera that are associated with maize in South Africa include Ditylenchus Filipjev, 

1936, Helicotylenchus Steiner, 1945, Lobocriconema de Grisse & Loof, 1965, 

Nanidorus minor (Colbran, 1956) Siddiqi, 1974, Paratrichodorus Siddiqi, 1974, 

Rotylenchulus Linford & Oliveira, 1940, Rotylenchus Filipjev, 1936, Scutellonema 

Andrássy, 1958, Telotylenchus Siddiqi, 1960 and Tylenchorhynchus Cobb, 1913 

(Louw, 1982; De Waele & Jordaan, 1988a). Due to the relatively low population 

levels, and often sporadic occurrence of individuals from the latter genera, these 

nematode pests are generally not regarded as threats to local maize producers 

(Louw, 1982; De Waele & Jordaan, 1988a). 

 

The predominant Meloidogyne spp. known to parasitise local maize and other 

rotation crops are Meloidogyne incognita (Kofoid & White, 1919) Chitwood, 1949 and 

Meloidogyne javanica (Treub, 1885), Chitwood, 1949 (Keetch & Buckley, 1984; 

Kleynhans et al., 1996; Riekert, 1996a; Riekert & Henshaw, 1998; Mc Donald & 

Nicols, 2005). These two species are generally present as monoculture and/or mixed 

populations in local maize-producing areas (Louw, 1982; De Waele & Jordaan, 

1988a; Kleynhans et al., 1996). The extraction of eggs and second-stage juveniles 

(J2) of Meloidogyne spp. are worldwide done on a routine basis by researchers, 

using modified versions of the NaOCl method that was originally developed by 

Hussey & Barker (1973). In South Africa, this method was adapted by Riekert 

(1995), with the range of sieves stacked for isolation of eggs and J2: from top to 

bottom being 710, 250, 75, 63, 45, 25 and 10-µm mesh. It was, however, only since 

the use of this method that the predominance of Meloidogyne spp. in roots of maize 

was realised. 
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With reference to the genus Rotylenchulus, the species Rotylenchulus borealis Loof 

& Oostenbrink, 1962, Rotylenchulus leptus Dasgupta, Raski & Sher, 1968, 

Rotylenchulus parvus (Williams, 1960) Sher, 1961, Rotylenchulus reniformis Linford 

& Oliveira, 1940 and Rotylenchulus sacchari Van den Berg & Spaull, 1981 have 

been identified from local agricultural soils (Louw, 1982; Keetch & Heyns, 1982; 

Keetch & Buckley, 1984, De Waele & Jordaan, 1988a). According to the latter 

authors, the most common species are R. reniformis, R. parvus and R. borealis. 

Although R. reniformis (reniform nematodes) has been identified from banana (Musa 

L.) and papaya (Carica papaya L.) in South Africa, its presence in local maize 

production areas has not been reported (Marais & Swart, 2015). The reniform 

nematode is, however, a devastating pest of various crops such as pineapple 

(Ananas comosus (L.) Merr.), various vegetables, cotton (Gossypium hirsutum L.) 

and others (Robinson et al., 1997) in countries such as Australia, India, Japan and 

USA (Robinson et al., 1997; Jones et al., 2013). Rotylenchulus parvus is locally the 

most widely distributed species of the genus in maize and other crops such as 

sugarcane, sorghum, soybean, sunflower, ground nut and wheat (Van den Berg & 

Spaull, 1981; Louw, 1982; Keetch & Buckley, 1984; De Waele & Jordaan, 1988a, De 

Waele & Jordaan, 1988b; Bolton et al., 1989; Jordaan et al., 1992; Venter et al., 

1992; Kleynhans et al., 1996; Fourie et al., 2001). Apart from South Africa, other 

African countries where this nematode species was reported from include the Ivory 

Coast, Kenya, Malawi, Mauritius, Mozambique, Zaire, Zambia as well as Zimbabwe 

(Dasgupta et al., 1968; Germani, 1978a; Louw, 1982; Keetch & Buckley, 1984; Van 

den Oever & Mangane, 1992; Kleynhans et al., 1996). Outside the African content, 

R. parvus has also been reported from North-America (Arizona, California and 

Florida) (Robinson et al., 1997) and the Caribbean Basin including St. Croix, St. 

Thomas and the Dominican Republic (Konicek, 1963; Dasgupta & Raski, 1968; 

Roman & Grullon, 1975; Heyns, 1976; Garcia-M., 1982; Stokes, 1982; Lehman & 

Inserra, 1990). Moreover, Bajaj & Bhatti (1987) reported R. parvus from the Haryana 

state in India while Colbran (1964) listed it for Queensland in Australia. Although R. 

parvus have been associated with crops from all over the world as early as the 

1960s, its pathogenicity is still unknown. Nevertheless, the Animal and Plant Health 

Inspection Service of the United States Department of Agriculture listed R. parvus as 

a noxious species, while in Brazil it is subjected to quarantine restrictions (Robinson 
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et al., 1997). However, R. parvus is considered to be not pathogenic to maize crops 

grown locally (Louw, 1982).  

 

Except for the application of the NaOCl method to extract individuals of root-knot 

nematodes, it is also routinely used in other countries (including USA and Belgium) 

to extract R. reniformis eggs and J2 to assess their population levels in various crop 

roots for pathogenicity studies in particular (Davis & Webster, 2005). However, 

according to available literature, the NaOCl method is only used to extract R. 

reniformis eggs from roots of cotton (Yik & Birchfield, 1984), maize and various 

weeds (Davis & Webster, 2005; Moore, 2012; Russi, 2012; Konan et al, 2014; 

Schrimsher et al., 2014) after monoculture populations of this nematode-pest 

species have been used to inoculate roots of such crops. Field studies published on 

R. reniformis research is furthermore done where this species is reported to occur in 

monoculture populations (Davis & Webster, 2005; Moore, 2012; Russi, 2012; Konan 

et al, 2014; Schrimsher et al., 2014). Hence, according to the knowledge of the 

author of this manuscript, the NaOCl method has not been reported to extract eggs 

and J2 of both the reniform and root-knot nematode genera from crops that were 

sampled in fields where mixed populations of these two genera were present. 

 

The genera Meloidogyne and Rotylenchulus differ with regard to the trophic groups 

they belong to (Decreamer & Hunt, 2013). Whilst both genera represent sessile 

endoparasites, Meloidogyne is known as true endoparasitic opposed to 

Rotylenchulus being semi-endoparasitic (Decreamer & Hunt, 2013). Nevertheless, 

both nematode genera have similar life cycles and produce gelatinous egg masses 

in or on the surface of roots/other below-ground plant parts (Kleynhans et al., 1996). 

The NaOCl extraction method, which is specifically aimed at dissolving the 

gelatinous substance in which eggs of both genera are contained, hence allow 

extraction of eggs of both genera. This enables researchers to enumerate their 

population densities (Hussey & Barker, 1973; Riekert, 1995).  

 

During the 2011 summer-growing season, two distinctly different types of eggs with 

regard to their size were extracted from 50-g root samples using the adapted NaOCl 

method (Riekert, 1995). The visible difference between the two egg types (Fig. 2.1) 

was observed using a dissection microscope. As a result, two groups of eggs were 
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counted, hereafter referred to as „large‟ and „small‟ eggs. Since it is impossible to 

identify nematode genera/species by using morphological characteristics such as the 

shape and/or size of eggs the main aims of this study were to determine i) whether 

the two egg types differed in terms of their length and width measurements and ii) 

the identity of the nematode genus/genera to which each of the egg types belong 

using molecular deoxyribonucleic acid (DNA) sequencing 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.1: Two different size eggs, „small‟ (solid circle) and „large‟ (dotted oval), extracted from maize 

roots using the adopted NaOCl method (Riekert, 1995) (Nikon SMZ1500, 45x magnification) (Suria 

Bekker, North-West University). 

 

2. Material and methods 

2.1 Nematode sampling 

Maize fields, located in the North-West Province near Coligny (S26°18‟50.02‟‟ 

E26°19‟58.07‟‟), Hartbeesfontein (S26°45‟53.80‟‟ E26°25‟31.05‟‟), Lichtenburg 

(S26°6‟33.56‟‟ E26°10‟17.01‟‟), Ottosdal (S26°49‟14.54‟‟ E26°0‟21.32‟‟) and in the 

Free State Province near Viljoenskroon (S26°58‟30.44‟‟ E26°45‟41.15‟‟) and 

Kroonstad (S27°38‟14.11‟‟ E27°13‟56.41‟‟) were sampled for a survey study (see 

Chapter 3). In addition, nematode samples were obtained from two conservation 
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agriculture research trial sites of the Agricultural Research Council‟s Grain Crops 

Institute (ARC-GCI, Potchefstroom). The one is Buffelsvallei (North West Province, 

26°30′55.70′′ S; 26°39′03.61′′ E) and the other Erfdeel (Free State Province, 

26°58′56.54′′ S; 27°01′33.83′′ E). Root- and rhizosphere soil samples were collected 

from each maize field approximately 100 days after planting. Ten sampling points 

were randomly selected across each field, with five root- and soil samples taken in a 

2 x 2-m area at each point. These five root and soil samples were combined to 

represent one composite sample for each sampling point, totalling 50 root and 

rhizosphere soil samples from each maize field. Although rhizosphere soil samples 

were taken, nematodes were not extracted from them for the purpose of this specific 

study. Surrounding soil was only taken to ensure that maize roots were preserved 

optimally during transport to the Nematology Laboratory of the North-West 

University, Potchefstroom.  

 

2.1.1 Extraction of eggs and J2 from 50-g root samples 

Root samples (50 g) that were obtained from these maize fields (eight subsamples in 

total) were subjected to the modified NaOCl method (Riekert, 1995) for extraction of 

eggs and J2 of Meloidogyne spp. 

 

2.2 Techniques used to discriminate between „large‟ and „small‟ eggs  

2.2.1 Counting and measurement of the length and width of eggs 

Nematode eggs extracted from the maize-root samples obtained from the different 

maize fields (see Par. 2.1) were counted using a De Grisse‟s counting dish (De 

Grisse, 1969) under a stereo microscope (Nikon SMZ1500) (45x magnification). 

Subsequently, length and width measurements of 50 eggs from each of the two 

respective egg types („large‟ and „small‟) were done using a Nikon (SMZ1500 model) 

stereo-microscope that is furnished with NIS-Elements D 3.1 software.  

 

2.2.2 Molecular identification 

2.2.2.1 Isolation of eggs 

From each of the 8 localities mentioned above, 20-30 „small‟ and „large‟ eggs were 

fished out from the 50-g root samples and placed separately into glass vials (2 ml 

capacity) filled with distilled water. Most of the water was removed and a 1 % NaOCl 

solution was added to the eggs in each vial and mixed for 1 minute by shaking it 
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carefully so the contents did not spill. The NaOCl solution in which the eggs were 

suspended in each vial was transferred to a clean vial with 2 ml distilled water. The 

vials were left standing for 10 minutes to allow the eggs to settle at the bottom. The 

supernatant was carefully drawn off using a micro pipette and the process repeated 

twice to allow suspension of the eggs in pure distilled water. Afterwards the eggs 

from each individual vial, representing a specific locality, were transferred to 1.5 ml 

Eppendorf tubes and kept in a freezer at -4˚C until DNA extraction commenced. 

 

2.2.2.2 Extraction and amplification of deoxyribonucleic acid (DNA) and polymerase 

chain reaction (PCR) and sequencing of DNA 

For extraction of DNA from eggs an AccuPrep Genomic DNA extraction Kit (Inqaba, 

2016) was used according to the manufacturer‟s instructions. For the PCR 

procedure, DNA amplification was done using and Eppendorf master cycler gradient 

(Eppendorf, Hamburg, Germany). Together with this gradient a ready-to-use master 

mix of Promega Company (USA) was used as follows: master mix at 12.5 µl, forward 

primer and reverse primers at 1 µl each, 8 µl DNA from nematode eggs of each 

locality (extracted as explained above) and 8 µl ddH2O at. Two different sets of 

primers were next used on the DNA (Table 2.1), the D2-D3 (Subbotin et al., 2006) 

and COI primers (He et al., 2005a; Sakai et al., 2011). The PCR cycle were as 

follows: 3 min at 94 °C, 45 s at 94 °C, 45 s at 57 °C, 1 min at 72 °C and 6 min at 72 

°C. 

 

Table 2.1: Summary of the primer codes, directions, sequence and genome applicable during 

sequencing of the deoxyribonucleic acid (DNA) of „small‟ and „large‟ nematode eggs (He et al., 2005a; 

Subbotin et al., 2006; Sakai et al., 2011).  

Primer code & direction Sequence Genome region 

D2A Forward 5`-ACAAGTACCGTGAGGGAAAGTTG-3` 28S rDNA 

D3B Reverse 5`-TCGGAAGGAACCAGCTACTA-3` 28S rDNA 

COI Forward 5‟-ATTTTTTGGKCATCCWGARG-3‟ Mitochondrial region 

COI Reverse 5‟- CWACATAATAAGTATCATG-3‟ Mitochondrial region 
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After the amplification of the DNA from the nematode eggs from each locality, 8 µl of 

the primer mix described above was loaded on a 1 % agarose gel in order to check 

the quality of the DNA extracted. The DNA bands visible on the gels were stained 

using RedGel and photographs taken under a UV trans-illuminator (Appendix I, Figs. 

1. 2A and 2B). The DNA of the eggs from each locality was then stored at -20 °C 

until sequencing could be performed by Inqaba biotecTM (South Africa). The primers 

used for the sequencing reactions were the same as those that were used in the 

amplification step (Table 2.1). The sequences were confirmed in both directions and 

repeated. The DNA sequences were edited using Chromas version 1.45 (McCarthy, 

1997) and compared to that of other corresponding species available from NCBI 

GenBank (2016).  

 

2.2.2.3 Construction of phylogenetic trees 

The sequences of the two different egg types obtained from the eight respective 

localities were compared to reference sequences from GenBank of Rotylenchulus 

and Meloidogyne spp. The sequences of Heterodera glycines Ichinohe 1952 

populations from GenBank were used as the out-groups for both the D2-D3 (Wang 

et al., 2015) and COI (Mimee et al., 2014) primers. The data obtained for the two 

different primer set sequences used were kept separate when compiling the 

phylogenetic trees. Multiple alignments were performed with ClustalX (Thompson et 

al., 1997), using the default settings of gap-opening penalty of 15 and gap-extension 

penalty of 6.66. The 3‟and 5‟ends of all the sequences were trimmed to ensure that 

sequences of similar lengths were used for each alignment. ClustalX was used to 

generate DNA distance matrices between the individual nematode populations and 

the reference populations obtained from GenBank as well as the outgroup 

populations (H. glycines). The dendograms were constructed using the neighbour-

joining method. The reliability of the branches of each tree was verified with 

bootstrap tests of 1 000 replication runs for each entry. The software programme 

Mega6 (Windows version) was used for the compilation of the dendograms and 

determining the relationship between the two different types of eggs identified at the 

different localities and their respective reference populations, Rotylenchulus and 

Meloidogyne, obtained from GenBank (Appendix I, Tables 1 and 2). 
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2.3. Data analyses 

Length and width data of the two egg types were subjected to T-test analyses 

(Statistica12) (Statsoft®, 2015).  

 

3. Results 

3.1 Egg length and width of „large‟ and „small‟ eggs  

Significant differences (P ≤ 0.05) were observed between the egg length and width 

of the „large‟ and „small‟ eggs that were present in the 50-g maize root samples from 

all eight localities (Table 2.2). When data for the „large‟ and „small‟ eggs, 

respectively, were pooled for the eight localities, Figs. 2.2A and 2.2B shows the 

significant differences in terms of both length and width of the two egg types. Egg 

length measurements for the „large‟ eggs differed between the different localities with 

eggs from maize roots sampled at Hartbeesfontein being the shortest, while those 

from Coligny the longest. Similar scenarios were apparent for the length of „small‟ 

eggs with those obtained from Coligny being the shortest and those collected from 

Viljoenskroon being the longest. Regarding egg width measurements, significant 

differences between the different localities also existed. The „large‟ eggs sampled at 

Erfdeel, Viljoenskroon and Kroonstad were the narrowest, while those from 

Hartbeesfontein were the widest. For „small‟ eggs, widths of those obtained from 

Coligny were the smallest, while those from Viljoenskroon were the widest.  
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Table 2.2: Mean length and width dimensions of the „large‟ and „small‟ eggs that were extracted from 50-g maize roots collected at eight 

different localities during the 2012/2013 growing season.  

 Mean egg length (µm) Mean egg width (µm) 

Sampling site ‘Large’ eggs ‘Small’ eggs t-value P-value ‘Large’ eggs ‘Small’ eggs t-value P-value 

Coligny 94* ± 8.2**a 61 ± 5.1b 34.5 <0.0001 39 ± 6.4a 28 ± 3.1b 16.3 <0.0001 

Buffelsvallei 94 ± 6.1a 62 ± 4.1b 30.8 <0.0001 38 ± 2.6a 29 ± 2.2b 17.9 <0.0001 

Lichtenburg 93 ± 5.8a 63 ± 4.4b 39.1 <0.0001 38 ± 3.3a 30 ± 3.4b 16.5 <0.0001 

Erfdeel 91 ± 5.6a 62 ± 4.5b 28.3 <0.0001 37 ± 3.6a 31 ± 2.8b 9.9 <0.0001 

Ottosdal 90 ± 8.0a 64 ± 3.6b 27.2 <0.0001 38 ± 4.9a 30 ± 3.0b 12.1 <0.0001 

Viljoenskroon 88 ± 5.6a 66 ± 3.7b 34.2 <0.0001 37 ± 2.9a 32 ± 3.7b 11.6 <0.0001 

Kroonstad 89 ± 6.8a 65 ± 4.7b 22.4 <0.0001 37 ± 4.1a 31 ± 3.3b 9.3 <0.0001 

Hartbeesfontein 86 ± 4.4a 63 ± 4.3b 20.0 <0.0001 41 ± 4.8a 30 ± 2.8b 13.7 <0.0001 

*Values in rows for each of the mean length and width-parameter measurements that are indicated by different letters are significantly different from each other as analysed by 

the Student T-test; **Standard error values for the corresponding mean length and width measurements 
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Figs. 2.2A and 2.2B: Mean egg lengths (2.2A) and widths (2.2B) taken from the „large‟ and „small‟ 

eggs present in 50 g maize roots that was  sampled at eight localities, in the North-West and Free 

State provinces, in South Africa during the 2012/2013 season. 
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3.2 Molecular identification of the eggs 

The DNA sequencing showed the existence of three clusters of nematode genera for 

the D2-D3 primer, namely Meloidogyne sp., Rotylenchulus sp. and H. glycines (Fig. 

2.3). Furthermore, the sequences showed that the „large‟ eggs obtained from the 

eight localities belonged to the genus Meloidogyne (bootstrap value of 100). The 

„small‟ eggs on the other hand belonged to the genus Rotylenchulus (bootstrap value 

of 92). It was also apparent that sequences obtained for DNA extracted from these 

two egg types for these maize fields grouped in the clusters that represented 

different genera, viz. Meloidogyne and Rotylenchulus spp.  

 

Similar observations were made for the COI primer with three groups discernable, i) 

Rotylenchulus spp., ii) Meloidogyne spp. and iii) the out-group H. glycines (Fig. 2.4). 

The DNA sequences also showed that the „small‟ and „large‟ eggs obtained from the 

different maize fields belonged to the genera Rotylenchulus (bootstrap value of 90) 

and Meloidogyne (bootstrap value of 77), respectively. Furthermore, the sequences 

for the DNA extracted from these two egg types for the eight maize fields grouped in 

the clades that represented different genera, viz. Rotylenchulus and Meloidogyne 

spp. 

 

The order and placing of the clades for the different Meloidogyne and Rotylenchulus 

spp. differed for the two primers. It is however, not relevant to this study since only 

the genera to which the two types of eggs belong to had to be determined and not 

the species. 
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Fig. 2.3: Neighbour-joining (NJ) tree, of Meloidogyne and Rotylenchulus sp. based on the 28S rDNA genome 

regions using the D2-D3 primer identified from the „large‟ and „small‟ eggs obtained from eight maize fields in South 

Africa as well as GenBank‟s Meloidogyne and Rotylenchulus reference populations and the out-group population 

H. glycines. 
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Fig. 2.4: Neighbour-joining (NJ) tree, of Meloidogyne and Rotylenchulus sp. based on the mitochondrial genome 

regions using the COI primer identified from the „large‟ and „small‟ eggs obtained from eight maize fields in South 

Africa as well as GenBank‟s Meloidogyne and Rotylenchulus reference populations and the out-group population 

H. glycines. 
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4. Discussion and conclusions 

Results demonstrated that by using a modified NaOCl method (Riekert, 1995) to extract 

Meloidogyne spp. eggs and J2 from maize roots, eggs of the genus Rotylenchulus were 

also obtained from plots where these two genera occurred in mixed populations. This 

was substantiated by significant differences obtained for the length and width 

measurements of the two egg types and molecular DNA sequencing. The main 

approached used to discriminate between the „large‟ and „small‟ eggs in this study was 

the use of a popular and accurate molecular technique, namely DNA sequencing 

(Subbotin et al., 2001; Ferris et al., 2004; Subbotin et al., 2004). Results from such 

assays with two different primers hence confirmed that these two egg types belonged to 

different plant-parasitic nematode genera. These were Meloidogyne sp. for the „large‟- 

and Rotylenchulus sp. for the „small‟ eggs. Although it is not possible to visibly 

distinguish between eggs of different nematode genera, results from this study 

demonstrated that it can be done using an integrated approach in which different 

techniques are used.  

 

No reports could be found that refers to eggs of both these nematode-pest genera being 

extracted using the NaOCl method. Although, it has been reported that the NaOCl 

method can be used to extract R. reniformis eggs from crop roots, these roots were 

inoculated beforehand with a monoculture mixture of eggs and J2 of this species in 

greenhouse experiments (Yik & Birchfield, 1984; Davis & Webster, 2005). This method 

has also been used for extracting R. reniformis eggs from roots of cotton, soybean and 

maize (Davis et al., 2003) from field sites, where only this species was present and 

Meloidogyne spp. hence did not occur in those fields (Yik & Birchfield, 1984; Davis & 

Webster, 2005; Moore, 2012; Russi, 2012; Konan et al., 2014; Schrimsher et al., 2014).   

 

According to literature, the average length of eggs from the four economically important 

Meloidogyne spp. ranges between 76 (M. javanica) and 108 µm (Meloidogyne hapla 

Chitwood, 1949), while the width ranged between 30 (M. incognita) and 44 µm 

(Meloidogyne arenaria (Neal, 1889) Chitwood, 1949) (Chitwood, 1949; Saguisa, 1957; 

McClure & Bird, 1976; Golden et al., 1980). The range of these reported length and 
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width measurements are in close proximity of those recorded for the genus 

Meloidogyne during this study (lengths of eggs ranged between 83 and 97 µm and 

widths ranged between 36 and 44 µm). Several factors (representing biotic and abiotic 

as well as genetic) is known to impact on inter- and intraspecific variation related to the 

morphology and morphometrics of root-knot nematode species-life stages that occur 

under different environmental conditions and in different geographical regions 

(Hirschman, 1985; Karssen et al., 2013). These factors could hence explain the 

deviations referred to above in terms of length and width measurements for 

Meloidogyne spp. Egg measurements that were recorded during this study for 

Rotylenchulus sp., are according to the author a first for this genus (Swart, 2015). It was 

observed during these measurements that Rotylenchulus sp. egg size ranged between 

55 and 63 µm in length and 30 to 33 µm in width.  

 

Results from this study demonstrated the importance of observations being made for 

„small‟ and „large‟ eggs during counting of nematode samples for diagnostic, research 

and other purposes. It is hence imperative that researchers/technical personnel need to 

be informed that using a NaOCl extraction method will result in extraction of eggs of 

both Meloidogyne and Rotylenchulus spp. but also eggs of other sessile endoparasites 

with egg masses such as Naccobus Thorne & Allen, 1944, Tylenchulus Cobb, 1913 and 

cyst nematodes (Kleynhans et al., 1996; Jones et al., 2013) that concomitantly 

parasitise roots/other belowground parts of crops. Inaccurate interpretations could be 

made should the presence of two different egg types (such as in this study) not be 

recognised, which can have negative repercussions for farmers and related crop 

industries. 
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CHAPTER 3 

 

Comparison of nematode assemblages associated with maize under conservation 

and conventional agricultural-practices  

 

Abstract 

Due to limited and fragmented information about the effects of conservation agriculture 

(CA) on nematode assemblages worldwide, the soil quality of such ecosystems as well 

as that in conventional (CTA) maize fields and adjacent natural-veld (NV) areas were 

investigated. Root and rhizosphere soil samples were obtained from 24 ecosystems (2 

maize fields (CA & CTA) and 2 NV from six localities) during the 2012/2013 growing 

seasons in the North-West and Free State Provinces of South Africa. Standard 

techniques were used to extract nematodes from root and soil samples. Morphological 

and molecular (only for Meloidogyne spp.) techniques were used to identify nematodes 

to genus/species (plant-parasitic nematodes) and/or genus/family (non-parasitic 

nematodes) levels. In total, 13 plant-parasitic genera, 21 species and one subspecies 

were identified during this study from root and soil samples from both maize and NV 

ecosystems. Of these, 10 genera and 11 species as well as one subspecies were 

associated with maize crops under CA. In terms of non-parasitic nematodes, a total of 

37 genera as well as individuals from seven families were present in soil rhizosphere 

samples from maize fields and NV ecosystems. Of these, 27 genera and individuals 

from seven families were present in soil from maize under CA. Nematode (plant-

parasitic and non-parasitic) community structures and population levels, however, 

differed between the maize fields under CA and CTA as well as from those in NV 

ecosystems. Interestingly, fields under CA had substantially higher prominence values 

(PV) for Rotylenchulus parvus (50 g roots) and Pratylenchus spp. (5 g roots) compared 

to those for CTA and NV. However, higher PV values for Meloidogyne spp. were 

evident in maize roots from CTA fields than those under CA. Conversely, soils from NV 

ecosystems generally maintained higher PV values and diversity for most of the non-

parasitic nematode genera/families. In terms of nematode-food web structures, the 

majority of the soils sampled during this study represented resource-depleted soil 
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nematode communities. Although associations existed among several nematode 

genera/species with regard to soil physical and chemical parameters, this warrants 

further investigation where more localities are included over more seasons. Ultimately, 

results of this study demonstrated that differences in plant-parasitic nematode and non-

parasitic assemblages existed between maize fields under CA and CTA practises.  

 

Keywords: Conservation agriculture, conventional agriculture, natural veld, South 

Africa, plant-parasitic nematodes, non-parasitic nematodes  
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1. Introduction 

Tillage is a soil cultivation practise that is still a popular strategy used in many farming 

systems worldwide and is known to influence soil-inhabiting fauna (including 

nematodes) both quanti- and qualitatively (House & Parmelee, 1985; Winter et al., 

1990; Cabanillas et al., 1999). The focus on improving soil quality entails that 

conservation agriculture (CA) is practised on a large scale as is done in Brazil, certain 

parts of the United States of America (USA), Argentina, Australia (Bolliger et al., 2006), 

Canada and to a lesser extent in South Africa (Bolliger, 2007; Giller et al., 2009). 

 

Since plant-parasitic nematodes display patchy distributions within crop fields, 

considering the effect that tillage practices may have on their dispersal is crucial (Been 

& Schomaker, 1998; Cabanillas et al., 1999). Although tillage may affect soil nematode 

communities, several studies indicated that practising CA, which in general refers to no-

till and zero-tillage in South Africa, (Bolliger, 2007; Giller et al., 2009) was inconsistent in 

managing various nematode pests (McSorley, 1998; Chen & Liu, 2007). For example, 

Koenning et al. (1995) reported that population levels of the soybean-cyst nematode 

species Heterodera glycines Ichinohe, 1952 (Anand, 1994) declined under a no-till 

practise near Plymouth, North Carolina (USA). However, a study done in the Midwest 

prairies of the USA showed that tillage systems had no effect on population levels of the 

the latter nematode species (Noel & Wax, 2003). It has hence been suggested that both 

biotic and abiotic factors could have played a role in the varying data observed for 

soybean-cyst nematode regarding tillage treatments (Chen & Liu, 2007). Also, no 

significant differences were evident for Rotylenchulus reniformis Linford & Oliveira, 1940 

populations in a cotton-sorghum-maize rotation system (Weslaco in the USA) in which 

CA and conventional agriculture (CTA) were practised (Cabanillas et al., 1999). Locally, 

Marais et al. (2009) demonstrated that plant-parasitic communities differed between CA 

and CTA fields, with the former in general maintaining higher population levels. 

 

Non-parasitic nematodes (e.g. bacteri- and fungivores, predators and omnivores), can 

be grouped in functional guilds based on their role and effect(s) on ecosystem 

processes as well as their reaction to soil disturbances and recovery (Bongers & 
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Bongers, 1998; Wang et al., 2004). Soil quality, for example refers to the presence of 

low numbers of opportunistic bacteri- and fungivores that belong to lower guilds with 

coloniser-persister (cp) values of 1 and 2 (Neher et al., 2004). For non-parasitic 

nematodes, cp-values are used as an indicator of soil quality (Ferris et al., 2001). Soils 

that are representative of superior quality in general comprise of low numbers of 

opportunistic bacteri-, and fungivorous nematodes (cp-1), and an abundance of higher 

trophic level nematodes with feeding habits ranging between cp3-5 (Neher, 2001). At 

the same time, the abundance of bacteri-, and fungivores as well as omnivores and 

predators with higher cp-values (3 to 5) contribute towards improved soil quality (Neher 

et al., 2004). The latter group of nematodes are, however, generally easily affected by 

stress and/or disturbance and are found in low densities in most agricultural soils 

worldwide (Neher et al., 2004). Such soils, opposed to those occurring in natural 

fields/undisturbed areas, usually have higher population densities of plant-parasitic and 

opportunistic bacteri- and fungivores (cp1-2).  

 

Nematodes (both plant-parasitic and non-parasitic) are regarded as superior bio-

indicators of soil quality, mainly because of their sensitivity and subsequent reaction to 

changes that are inflicted by cultivation practices (Bongers, 1990; Cabanillas et al., 

1999), pollution (Poinar, 1983; Cabanillas et al., 1999) and other disturbances. In 

addition to physical disturbances, factors such as the presence of soil fauna, other than 

nematodes, as well as soil type and also physical and chemical conditions of soils 

further affect nematode distribution as well as their community structures and population 

dynamics (Norton, 1978; Thomas, 1978; Barker, 1985; Minton, 1986; Minton & Parker, 

1987; Parmelee & Alston, 1986; Freckman & Ettema, 1993; McSorley & Fredrick, 1996; 

Cabanillas et al., 1999). Wang et al. (2004), for example, reported positive correlations 

between bacterivores and nitrogen (N), phosphorous (P) and potassium (K) whereas no 

correlations existed between fungivores and N, K and magnesium (Mg), respectively. 

Conversely, population densities of plant-parasitic nematodes such as Meloidogyne 

Goeldi, 1987 (root-knot nematodes) and Paratrichodorus Siddiqi, 1974 (stubby-root 

nematodes) showed negative correlations with most soil nutrients measured (Wang et 

al., 2004). Other factors that can influence the distribution of soil nematodes include 
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environmental factors such as moisture, porosity, oxygen availability, toxins and 

temperature (Curtis et al., 2009).  

 

Since limited and fragmented information exist about the effects of CA on nematode 

assemblages, investigations to determine the soil quality of three ecosystems (CA and 

CTA maize fields as well as that of adjacent natural veld (NV)) were conducted during 

this study. The specific aims of this study were to i) conduct a baseline study and 

determine the prominence (occurrence and mean population densities) of plant-parasitic 

and non-parasitic nematode populations in soil and root samples obtained from the 

three respective ecosystems mentioned above, ii) determine the non-parasitic 

nematode food-web structures of soils from the said ecosystems, iii) establish which 

nematode assemblages were associated with each of the three ecosystems, and iv) 

determine whether associations existed between nematode assemblages and soil 

physical and/or chemical parameters. 

 

2. Materials and methods 

2.1 Nematode survey  

A nematode survey was done in the North-West (NW) and Free State (FS) Provinces of 

South Africa during the 2012/2013 growing season. A total of six localities were 

included, namely Coligny (NW), Hartbeesfontein (NW), Kroonstad (FS), Lichtenburg 

(NW), Ottosdal (NW) and Viljoenskroon (FS). At each of these localities the following 

ecosystems were sampled, i) a maize field under CA and ii) a maize field under CTA 

practices as well as iii) a NV adjacent to the respective maize fields. For the NV only 

those ecosystems where no agricultural practices took place for 10 years before onset 

of the survey were chosen to obtain soil and roots samples for nematode analyses. In 

total 24 ecosystems were sampled (4 sampling systems per locality), with the GPS 

locations of the sampling systems as well as the crop history of the CA and CTA field 

and other related information listed in Table 3.1. However, for the purpose of data 

analyses the nematode data from two NV ecosystems (one adjacent to a CA and one 

adjacent to a CTA field) sampled at each locality were pooled to represent one site per 

locality. 
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Root- and rhizosphere-soil samples for nematode analyses were collected from each 

CA and CTA field sampled at approximately 100 days after planting of the maize crops. 

Concurrently, roots and rhizosphere soil samples from grasses (not identified but mostly 

represented by Eragrostis spp.) growing in the NV ecosystems adjacent to the maize 

fields sampled, were obtained. In each CA and CTA maize field as well as each NV 

ecosystem sampled, 10 sampling points were randomly selected and five root- and soil 

samples taken in a designated 2 x 2 m area. This resulted in 50 root and 50 soil 

samples being collected from each of the three ecosystems at each sampling site. The 

five root and soil samples collected at each sampling point were combined to represent 

one composite sample, resulting in 10 sub-samples (root and soil, respectively), per 

ecosystem per sampling site.  

 

Except for the soil samples obtained for nematode extractions, additional soil was taken 

at each sampling point for chemical and physical analyses. These were analysed by the 

analytical laboratory of the ARC – Institute for Industrial Crops (IIC) near Rustenburg 

(North-West Province). 
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Table 3.1: The location of maize fields under conservation (CA) and conventional agricultural (CTA) practises as well as adjacent natural veld (NV) ecosystems where nematodes 
were sampled during the 2012/2013 growing season, including information related to the agricultural practises applied, environmental data and soil chemical and physical 
parameters measured. 
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CA maize 
S26°25'54.5" 
E26°14'50.7" 

CA1 
 
 

Minimum 
tillage/CA 
 

Maize/Soybean/Ma
ize 
 

PAN6Q708BR 
 

*Avicta
®
 

500FS 
 

589 10.3 24.8 

85 
 
 

3 
 
 

12 
 
 

0.4 
 
 

4.6 
 
 

78 
 
 

8 
 
 

75 
 
 

133 
 
 

248 
 
 

24.5 
 
 

1.7 
 
 

2.8 
 
 

NV (next to CA) 
S26°25'33.3" 
E26°14'55.9" 

NV1 
 
 

N/A 
 
 

N/A 
 
 

N/A 
 
 

None 
 
 

76 
 
 

10 
 
 

14 
 
 

1.3 
 
 

5.1 
 
 

2 
 
 

10 
 
 

155 
 
 

305 
 
 

540 
 
 

17.4 
 
 

3.0 
 
 

0.5 
 
 

CTA maize 
S26°26'33.1'' 
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Maize 
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72 
 
 

9 
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13 
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4 
 
 

12 
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41 
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CA2 
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®
 

500FS 
 

589 10.3 24.8 

67 
 
 

7 
 
 

26 
 
 

1.0 
 
 

7.2 
 
 

16 
 
 

13 
 
 

168 
 
 

640 
 
 

5 460 
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0.6 
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N/A 
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N/A 
 
 

None 
 
 

78 
 
 

7 
 
 

15 
 
 

2.6 
 
 

4.8 
 
 

93 
 
 

15 
 
 

253 
 
 

1 000 
 
 

805 
 
 

158 
 
 

22.3 
 
 

0.9 
 
 

CTA maize 
S26°15'43.6" 
E25°51'10.0" 

CTA2 
 
 

Disc plough 
and rip 

Maize/Sunflower/M
aize  
 

DKC8040BR 
 
 

None 
 
 

84 
 
 

2 
 
 

14 
 
 

0.3 
 
 

5.5 
 
 

15 
 
 

8 
 
 

115 
 
 

238 
 
 

493 
 
 

7.3 
 
 

0.7 
 
 

0 
 
 

NV (next to CTA) 
S26°15'36.3" 
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NV2 
 
 

N/A 
 
 

N/A 
 
 

N/A 
 
 

None 
 
 

88 
 
 

4 
 
 

8 
 
 

0.7 
 
 

5.3 
 
 

18 
 
 

8 
 
 

90 
 
 

253 
 
 

270 
 
 

2.3 
 
 

9.3 
 
 

0.3 
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CA maize 
S26°40'54.7" 
E26°19'42.9" 

CA3 
 
 

No-till 
 
 

Maize/Sunflower/M
aize  
 

MON78-35R 
 
 

None 
 
 

477 10.4 26.0 

76 
 
 

8 
 
 

16 
 
 

0.8 
 
 

5.3 
 
 

79 
 
 

8 
 
 

95 
 
 

155 
 
 

575 
 
 

36.2 
 
 

0.8 
 
 

0.2 
 
 

NV (next to CA) 
S26°40'40.8" 
E26°19'36.0" 

NV3 
 
 

N/A 
 
 

N/A 
 
 

N/A 
 
 

None 
 
 

72 
 
 

10 
 
 

18 
 
 

1.8 
 
 

4.4 
 
 

47 
 
 

8 
 
 

170 
 
 

248 
 
 

398 
 
 

32.3 
 
 

2.0 
 
 

1.9 
 
 

CTA maize 
S26°45'15.5" 
E26°21'02.9" 

CTA3 
 
 

Traditional 
tillage 
 

Maize/Sunflower/M
aize 
 

DKC 77-85B 
 
 

None 
 
 

81 
 
 

6 
 
 

13 
 
 

0.4 
 
 

5.6 
 
 

7 
 
 

5 
 
 

105 
 
 

213 
 
 

278 
 
 

4.0 
 
 

0.9 
 
 

0.2 
 
 

NV (next to CTA) 
S26°45'28.7" 
E26°20'45.7" 

NV3 
 
 

N/A 
 
 

N/A 
 
 

N/A 
 
 

None 
 
 

84 
 
 

7 
 
 

9 
 
 

1.8 
 
 

4.5 
 
 

18 
 
 

10 
 
 

90 
 
 

280 
 
 

243 
 
 

41.9 
 
 

28.0 
 
 

4.2 
 
 

 * Syngenta SA (Pty) Ltd; ** Villa Crop Protection 
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Table 3.1 continues 
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CA maize 
S26°50'54.5'' 
E26°00'09.7'' 

CA4 
 
 

No-till 
 
 

Maize/Sunflower/M
aize 
 

CRN78-45BR 
 
 

None 
 
 

457 9.4 26.5 

84 
 
 

6 
 
 

10 
 
 

0.3 
 
 

5.1 
 
 

44 
 
 

10 
 
 

73 
 
 

320 
 
 

245 
 
 

27.0 
 
 

1.2 
 
 

0.8 
 
 

NV (next to CA) 
S26°49'33.8'' 
E26°00'21.2'' 

NV4 
 
 

N/A 
 
 

N/A 
 
 

N/A 
 
 

None 
 
 

75 
 
 

9 
 
 

16 
 
 

1.4 
 
 

5.4 
 
 

36 
 
 

10 
 
 

150 
 
 

335 
 
 

455 
 
 

0.1 
 
 

1.4 
 
 

0.1 
 
 

CTA maize 
S26°53'16.3'' 
E25°59'49.0'' 

CTA4 
 
 

Traditional 
tillage 
 

Forage 
grass/Maize 
 

Unknown 
 
 

None 
 
 

80 
 
 

7 
 
 

13 
 
 

0.5 
 
 

5.6 
 
 

25 
 
 

38 
 
 

113 
 
 

310 
 
 

420 
 
 

36.7 
 
 

12.7 
 
 

0.6 
 
 

NV (next to CTA) 
S26°53'31.9'' 
E26°00'11.3'' 

NV4 
 
 

N/A 
 
 

N/A 
 
 

N/A 
 
 

None 
 
 

53 
 
 

14 
 
 

33 
 
 

3.4 
 
 

4.6 
 
 

3 
 
 

33 
 
 

600 
 
 

460 
 
 

1 560 
 
 

0.8 
 
 

9.9 
 
 

0.7 
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CA maize  
S27°21'55.8'' 
E27°16'51.9'' 

CA5 
 
 

No-till 
 
 

Soybean/ 
Sunflower/Maize 
 

Unknown 
 
 

None 
 
 

400 10.0 25.4 

84 
 
 

6 
 
 

10 
 
 

0.4 
 
 

5.3 
 
 

85 
 
 

15 
 
 

88 
 
 

203 
 
 

278 
 
 

25.5 
 
 

1.1 
 
 

0.8 
 
 

NV (next to CA)  
S27°21'54.1'' 
E27°16'53'' 

NV5 
 
 

N/A 
 
 

N/A 
 
 

N/A 
 
 

None 
 
 

80 
 
 

6 
 
 

14 
 
 

0.5 
 
 

4.5 
 
 

39 
 
 

10 
 
 

145 
 
 

420 
 
 

723 
 
 

48.4 
 
 

4.3 
 
 

0.9 
 
 

CTA maize 
S27°23'44.7'' 
E27°13'18.1'' 

CTA5 
 
 

Disk plough 
on rows 

Maize/Sunflower/M
aize 
 

PHB30B975R 
 
 

None 
 
 

82 
 
 

7 
 
 

11 
 
 

0.4 
 
 

5.0 
 
 

35 
 
 

13 
 
 

65 
 
 

470 
 
 

273 
 
 

30.7 
 
 

0.9 
 
 

0.2 
 
 

NV (next to CTA) 
S27°23'45.6'' 
E27°13'31.8'' 

NV5 
 
 

N/A 
 
 

N/A 
 
 

N/A 
 
 

None 
 
 

40 
 
 

20 
 
 

40 
 
 

5.8 
 
 

4.3 
 
 

18 
 
 

30 
 
 

400 
 
 

740 
 
 

1 320 
 
 

1.1 
 
 

6.8 
 
 

1.0 
 
 

V
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e
n
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o
n

 

CA maize 
S27°18'57.7" 
E27°07'09.2" 

CA6 
 
 

No-till 
 
 

Soybean/ 
Sunflower/Maize 
 

CRN78-45BR 

 

*Avicta
®
 

500FS 
 

514 8.8 28.2 

86 
 
 

4 
 
 

10 
 
 

0.7 
 
 

6.4 
 
 

49 
 
 

3 
 
 

140 
 
 

215 
 
 

540 
 
 

12.1 
 
 

0.9 
 
 

0.3 
 
 

NV (next to CA) 
S27°19'14.9" 
E27°06'59.6" 

NV6 
 
 

N/A 
 
 

N/A 
 
 

N/A 
 
 

None 
 
 

62 
 
 

10 
 
 

28 
 
 

2.8 
 
 

5.6 
 
 

7 
 
 

35 
 
 

708 
 
 

225 
 
 

2 960 
 
 

13.4 
 
 

1.5 
 
 

0.1 
 
 

CTA maize 
S27°08'24.2" 
E26°53'44.6" 
 
 

CTA6 
 
 
 
 

Deep tillage 
by means of 
disk plough  

Maize/Maize/ 
Maize 
 
 
 

DKC7374BR 
 
 
 
 

*Avicta
®
 

500FS & 
**Counter FC 
15G

®
   

 

94 
 
 
 

2 
 
 
 

4 
 
 
 

0.3 
 
 
 

5.6 
 
 
 

47 
 
 
 

8 
 
 
 

68 
 
 
 

53 
 
 
 

223 
 
 
 

4.8 
 
 
 

0.8 
 
 
 

0.1 
 
 
 

NV (next to CTA) 
S27°08'16.7" 
E26°54'19.8" 

NV6 
 
 

N/A 
 
 

N/A 
 
 

N/A 
 
 

None 
 
 

90 
 
 

5 
 
 

5 
 
 

1.3 
 
 

5.2 
 
 

39 
 
 

8 
 
 

95 
 
 

208 
 
 

433 
 
 

1.2 
 
 

4.8 
 
 

0.5 
 
 

* Syngenta SA (Pty) Ltd;; ** Villa Crop Protection  
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2.2 Extraction of nematodes from root- and rhizosphere soil samples 

For nematode extractions, a 50-g root sample from each sampling site was 

subjected to the modified NaOCl-method (Riekert, 1995). For the extraction of a 

wider spectrum of plant-parasitic nematodes, a 5-g root sample from each of the 

ecosystems was submitted to the centrifugal-sugar flotation method (Jenkins, 1964; 

Hooper et al., 2005). The extraction of plant-parasitic and non-parasitic nematodes 

from soil samples was done by subjecting each 200-g soil sample collected to the 

decanting- and sieving method, followed by the centrifugal-sugar flotation method 

(Hooper et al., 2005).  

 

Nematodes present in root samples were counted using a Nikon (SMZ1500) stereo 

microscope (45 x magnification) with a De Grisse‟s counting dish (De Grisse, 1963). 

On the other hand, nematodes present in soil samples were counted using a Peter‟s 

1 ml-counting slide (Hooper et al., 2005) and a Nikon (Eclipse 50i) light microscope 

(40x magnification). The latter countings were done by capturing the number of the 

nematodes from the different genera present in a 1 ml suspension of the total 

suspension obtained from the extraction process. This process was repeated twice 

and the mean calculated for each nematode genus to obtain a high level of accuracy 

(Coyne et al., 2007). 

 

2.3 Identification of plant-parasitic and non-parasitic nematodes 

After counting the nematode individuals extracted from each of the root- and soil 

samples obtained from each ecosystem, plant-parasitic and non-parasitic nematode 

individuals present were removed with a fine-tip needle and placed into a 5 ml 

Syracuse dish containing 1 ml of tap water. For morphological identification, the 

nematodes were prepared for permanent fixing using the FPG-fixating method as 

described by Netscher & Seinhorst (1969). This method comprises of two 

procedures, namely i) the fixing and ii) hydration of the nematodes (after fixing). 

Fixed nematode specimens were then mounted on glass microscope slides for 

morphological identification purposes as described by Kleynhans (1997). Species 

identification of plant-parasitic nematodes was done by nematode taxonomists (Drs. 

Antoinette Swart and Mariette Marais of the Agricultural Research Council‟s Plant 

Protection Research (ARC-PPR), Pretoria, South Africa). Non-parasitic nematodes 

were identified to genus level by Dr Antoinette Swart of the ARC-PPR. 
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Except for morphological identification, Meloidogyne spp. were also identified by 

means of molecular techniques. However, root-knot nematodes from each locality 

were first mass reared in vivo to enable such identification. Soil obtained from each 

of the ecosystems was transferred to 4-l capacity plastic pots. Two-leaf-stage tomato 

seedlings (cv. Moneymaker) were planted into each of the pots and kept in a 

greenhouse with an ambient temperature range of 23 (min) to 26 °C (max) and a 

photoperiod of 14L:10D for 90 days to allow establishment of the respective 

Meloidogyne spp. populations. Tomato roots were then removed from each pot, 

rinsed thoroughly and inspected for visible Meloidogyne spp. gall symptoms. For 

morphological identification, infected roots were stained using the lactoglycerol 

method (Kleynhans, 1991). Twenty-one mature females were isolated from fixed and 

stained roots from each ecosystem and perennial patterns of Meloidogyne spp. 

females cut and transferred to microscope slides to peruse species identification 

(Hartman & Sasser, 1985). The heads of corresponding females were also mounted 

for identification purposes using oesophageal characteristic. Identification of 

Meloidogyne spp. were verified by the root-knot nematode taxonomist Dr Mariette 

Marais (ARC-PPR).  

 

For molecular identification, 20 Meloidogyne spp. females were removed from 

infected tomato roots representative of each sampling site. This procedure was 

conducted as described above for the morphological identification of females before 

staining of roots for the latter procedure was done. The females were placed in two 

1.5 ml Eppendorf tubes (10 females per tube), which were transferred to a freezer (-

20 °C) to preserve their deoxyribonucleic acid (DNA). The DNA of the 10 females in 

each tube were extracted and subjected to polymerase chain reaction (PCR) using 

the Silicon (Glassmilk) method as described by Li et al. (2010). Since the method 

was originally used to extract plant DNA, a few modifications were made to optimise 

its use for nematodes. The latter entailed that the 10 females in each Eppendorf tube 

were crushed with a pestle and 100 µl Proteinase K buffer and 2 µl Proteinase K 

added. The tubes with the nematode material were then incubated for 3 h at 65 °C. 

After incubation, 300 µl of sodium iodide (NaI) solution (2 g NaI in 2.22 ml water) and 

20 µl Glassmilk (silicon) were added to the DNA mixture, mixed and incubated at 

room temperature (±25 °C) for 10 min. The mixture was spun for 10 s at 12 000 rpm 

and the supernatant removed by pipetting. This step was repeated twice. The pellet 
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was re-suspended in 500 µl Wash buffer and spun for 10 s at 12 000 rpm. The 

supernatant was discarded and the dry pellet, containing the Meloidogyne spp. 

female DNA, left to stand at room temperature (±25 °C) for 15 min. The DNA pellet 

was re-suspended in 200 µl TE buffer, incubated at room temperature (±25 °C) for 

15 min and then spun for 30 s at 12 000 rpm. The supernatant, containing the DNA, 

was withdrawn and placed into a clean 1.5 ml capacity Eppendorf tube. One micro-

litre of the DNA was subsequently used to perform a PCR for the molecular 

identification of Meloidogyne spp., using the sequence-characterised amplified 

region (SCAR) – PCR method, as described by Ziljstra et al. (2000).  

 

2.4 Statistical analysis 

2.4.1 Prominence values (PV) 

Since a PV is a useful parameter to determine both the occurrence frequency and 

mean population densities of plant-parasitic (genera and/or species) and non-

parasitic nematodes (genera and/or families) (Norton, 1978; De Waele & Jordaan, 

1988a; Fourie et al., 2001; Ntidi et al., 2012), it was used for the purpose of this 

study. The equation is as follows: 

 

PV = population density x     frequency of occurrence          / 10 

 

2.4.2 Principal Component Analyses (PCA) and correlation statistics 

Principal component analyses (PCA) were done (Hotelling, 1933; Thioulouse et al., 

1997) to reveal the relationships between the occurrence of nematode 

genera/species and the respective ecosystems by means of factorial maps. 

 

For the above two mentioned analyses, the different ecosystems were grouped 

under CA, CTA and NV ecosystems. Thus, CA represents the different CA-maize 

fields sampled at the six different localities. The same applied for CTA and NV, but 

for the NV system, data of the 12 different natural field ecosystems (2 from each 

locality) were pooled. 

 

 

 

√ 
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2.4.3 T-test 

The nematode data obtained was further subjected to T-test analyses. This was 

done to determine whether any significant differences existed between the 

predominant nematode-pest genera (Meloidogyne, Pratylenchus Filipjev, 1936, 

Rotylenchulus Linford & Oliveira, 1940) as well as the non-parasitic families 

(Cephalobidae, Dorylaimidae, Monhysteridae) at each of the 24 sampling sites with 

regard to the three ecosystems. The following comparisons were thus determined: 

CA vs. CTA, CA vs. NV and CTA vs. NV. The nematode data were log transformed 

[log(x+1)] and Statistica Version 13 (StatSoft, 2015) was used. 

 

2.4.4 Nematode Indicator Joint Analysis (NINJA) 

The data obtained for the non-parasitic nematode assemblages identified from the 

24 ecosystems were furthermore subjected to food-web analyses as proposed by 

Ferris et al. (2001) as well as using the NINJA model (Sieriebriennikov et al., 2014). 

 

3. Results 

3.1 Plant-parasitic nematodes 

Thirteen plant-parasitic nematode genera, 21 species and one subspecies were 

identified from root- and soil samples from the three ecosystems investigated during 

this study (Table 3.2 & 3.3).  

 

3.1.1 Roots  

3.1.1.1 50-g root samples  

Individuals from two plant-parasitic nematode genera, namely Meloidogyne and 

Rotylenchulus, were extracted and identified from 50-g root samples obtained from 

all three ecosystems (Table 3.2A). Two Rotylenchulus spp., namely Rotylenchulus 

parvus (William, 1960) Sher, 1961 and Rotylenchulus borealis Loof & Oostenbrink, 

1962 were identified according to morphological characteristics of immature females 

present. Only R. parvus were present in CA and CTA ecosystems, while both R. 

parvus and R. borealis were present in samples from NV ecosystems.  

 

According to PV and MPD values, Rotylenchulus spp. dominated in CA, CTA and 

NV ecosystems (Table 3.2). Individuals from this genus occurred in more than 80 % 
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of samples from both the CA and CTA ecosystems, but in less than 40 % of samples 

from the NV ecosystem.  

 

For Meloidogyne, PV and frequency of occurrence were substantially lower than that 

of Rotylenchulus spp. Two species, Meloidogyne incognita (Kofoid & White, 1919) 

Chitwood, 1949 and Meloidogyne javanica (Treub, 1885) Chitwood, 1949 were 

identified. The highest PV, MPD and FO values were recorded for M. incognita in CA 

ecosystems, followed by those for M. javanica from the same ecosystem. The PV, 

MPD and FO values were, however, lowest for M. javanica in NV and mixed M. 

incognita and M. javanica populations in CTA ecosystems. 

 

Meloidogyne spp. identification was successful in samples from only six of the 24 

fields. Results from molecular and morphological approaches were generally in 

agreement, except for the CA field from Coligny (Table 3.4). For this site the 20 

females subjected to the SCAR-PCR technique were all characterised as M. 

incognita, while perineal-pattern and oesophageal morphology confirmed the 

presence of a mixed population of both M. incognita and M. javanica. According to 

morphological and molecular identification, Meloidogyne spp. were represented by 

monoculture populations of M. incognita (CTA field at Viljoenskroon) and M. javanica 

(NV ecosystems at Coligny and Lichtenburg) as well as mixed populations of these 

two species (CTA fields at Coligny and Lichtenburg). Meloidogyne could only be 

identified from these six ecosystems since population densities of these pests were 

low or eggs and J2 absent in the remaining 18 ecosystems.  

 

3.1.1.2 5-g root samples  

Individuals belonging to only two nematode genera, Meloidogyne and Pratylenchus 

were identified from 5-g root samples from the three ecosystems (Table 3.2). These 

included six Pratylenchus spp. (Pratylenchus delattrei Luc, 1958, Pratylenchus 

scribneri Steiner, 1943, Pratylenchus teres Khan & Singh, 1974, Pratylenchus 

thornei Sher & Allen, 1953, Pratylenchus vulnus Allen & Jensen, 1951 and 

Pratylenchus zeae Graham, 1951) and one subspecies (Pratylenchus teres subsp. 

vandenbergea Carta, Handoo, Skantar, Van Biljon & Botha, 2002) as well as one 

Meloidogyne sp. (M. incognita). Samples from the CA ecosystems showed the 

highest diversity in terms of Pratylenchus spp., with P. delattrei dominating with the 
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highest PV and MPD. The frequency of occurrence of Pratylenchus was, however, 

generally low (<35 %) in these root samples. In the CTA ecosystems, P. zeae and P. 

vulnus were identified with the former dominating according to PV and MPD. 

Individuals of P. zeae occurred in 65 % of the samples, while P. vulnus were only 

present in 32 %. In the NV ecosystems P. delattrei, P. zeae and P. scribneri were 

identified but were present in very low mean population densities with low PV and 

also low frequencies of occurrence (<15 %).  

 

In terms of the genus Meloidogyne, M. incognita was the only species identified and 

was only recorded from CTA ecosystems only with low PV, MPD and frequency of 

occurrence values (<5 %) (Table 3.2).  
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Table 3.2: Prominence values (PV), mean population density (MPD) and frequency of occurrence (FO %) of plant-parasitic nematode species identified from roots (50- and 5 

g) and rhizosphere soil samples of maize crops under conservation (CA) and conventional agriculture (CTA) as well as grass from natural-veld (NV) ecosystems from six 

localities in the North-West and Free State Provinces of South Africa during the 2012/2013 growing season. 

Treatment (Ecosystem) Nematode family/genus/species PV MPD FO Nematode family/genus/species PV MPD FO 

 
Conservation Agriculture (CA) 

Roots (50 g) 
Rotylenchulus parvus 

 
2 674 

 
2 697 

 
98 

Roots (5 g) 
Pratylenchus delattrei 

 
149 

 
384 

 
15 

Meloidogyne incognita 144 352 17 Pratylenchus zeae 48 85 32 

Meloidogyne javanica 48 117 17 Pratylenchus teres subsp. vandenbergea 21 54 15 

    Pratylenchus thornei 6 15 15 

    Pratylenchus teres 1 2 13 

Conventional Tillage (CTA) Rotylenchulus parvus 350 387 82 Pratylenchus zeae 53 66 65 

Meloidogyne incognita 15 36 17 Pratylenchus vulnus 7 13 32 

Meloidogyne javanica 2 9 7 Meloidogyne incognita 1 10 2 

Natural Veld (NV) Rotylenchulus parvus 53 86 38 Pratylenchus delattrei 4 17 5 

Meloidogyne javanica 20 84 6 Pratylenchus zeae 3 8 13 

Rotylenchulus borealis 10 43 5 Pratylenchus scribneri 2 12 3 
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Table 3.3: Prominence values (PV), mean population density (MPD) and frequency of occurrence (FO %) of plant-parasitic nematode species identified from rhizosphere soil 

samples of maize crops under conservation (CA) and conventional agriculture (CTA) as well as grass from natural-veld (NV) ecosystems sampled from six localities in the 

North-West and Free State Provinces of South Africa during the 2012/2013 growing season. 

Treatment Nematode family/genus/species PV MPD FO Nematode family/genus/species PV MPD FO 

Conservation Agriculture (CA) 
Rotylenchulus parvus 434 434 100 Tylenchorhynchus mashhoodi 15 57 7 

Scutellonema brachyurus 155 268 33 Pratylenchus thornei 5 24 5 

Pratylenchus zeae 66 142 22 Criconemoides sphearocephalus 5 20 7 

Helicotylenchus spp. 47 17 14 Nanidorus minor 2 10 5 

Belonolaimidae 19 73 7 Pratylenchus teres 1 3 5 

Pratylenchus teres  subsp. vandenbergea 18 81 5 Longidorus spp. 3 10 7 

Pratylenchus delattrei 17 44 15 Dorylaimellus spp. 4 14 8 

Conventional Tillage (CTA) 
 

Rotylenchulus parvus 259 286 82 Criconemoides sphearocephalus 7 28 7 

Scutellonema brachyurus 98 241 17 Criconemoides obtusicaudatus 5 16 8 

Rotylenchus spp. 78 117 45 Helicotylenchus paraplatyurus 5 13 15 

Pratylenchus zeae 14 22 40 Pratylenchus vulnus 2 5 20 

Nanidorus minor 11 28 15 Belonolaimidae 1 2 5 

 Helicotylenchus digonicus 10 25 15     

Natural Veld (NV) Helicotylenchus dihystera 56 141 16 Helicotylenchus paraplatyurus 3 15 3 

Helicotylenchus digonicus 46 98 21 Pratylenchus zeae 3 13 7 

Rotylenchulus parvus 40 64 40 Scutellonema brachyurus 3 8 15 

Rotylenchulus borealis 7 21 12 Tylenchorhynchus mashhoodi 1 8 2 

Criconemoides obtusicaudatus 7 30 5 Quinisulcius capitatus 1 7 3 

Pratylenchus scribneri 5 24 5 Tylenchorhynchus brevilineatus 1 6 1 

Pratylenchus vulnus 5 24 4 Longidorus sp. 2 15 2 

Pratylenchus delattrei 6 37 2 Xiphinema sp. 1 10 2 

Belonolaimidae 5 17 9 Dorylaimellus sp. 12 24 23 

Rotylenchus incultus 4 16 7     
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Table 3.4: Morphological and molecular identification of Meloidogyne spp. that were present in 50-g 

roots samples of maize crops under conservation (CA) and conventional agriculture (CTA) as well as 

vegetation from adjacent natural-veld (NV) areas sampled from six localities in the North-West and 

Free State provinces of South Africa during the 2012/2013 growing season. 

Locality Treatment Molecular identification* 
Morphological identification** 

and community structure  

Coligny 

CA1 M. incognita 
M. incognita and  

M. javanica (76%:24%) 

 
  

CTA1 
M. incognita 

M. javanica 

M. incognita and  

M. javanica (90%:10%) 

 
  

NV1 M. javanica M. javanica (100%) 

Lichtenburg 

CTA2 
M. incognita 

M. javanica 

M. incognita and 

M. javanica (75%:25%) 

   

NV2 M. javanica M. javanica (100%) 

Viljoenskroon CTA6 M. incognita M. incognita (100%) 

*Molecular identification was done by using the SCAR-PCR method; **Morphological identification was done using perineal-

pattern morphology and oesophageal characteristics of females  

 

3.1.1.3 200-g soil samples 

Twelve plant-parasitic nematode genera, 19 species and one subspecies were 

identified from soil rhizosphere samples obtained from the three ecosystems (Table 

3.3). For CA treatments, R. parvus dominated with the highest PV and MPD values, 

followed by Scutellonema brachyurus (Steiner, 1938) Andrássy, 1958 and P. zeae . 

These plant-parasitic nematode species occurred in 100, 33 and 22 % of the 

respective samples. Other plant-parasitic nematode species present in soil samples 

from CA ecosystems with relatively low PV, MPD and FO values were 

Helicotylenchus Steiner, 1945, P. teres subsp. vandendenbergea, P. delattrei, 

Tylenchorhynchus mashhoodi Siddiqi & Basir, 1959, P. thornei, Criconemoides 

sphearocephalus Taylor, 1936, Nanidorus minor (Colbran, 1956) Siddiqi, 1974 and 

P. teres as well as individuals from the genera Longidorus Micoletzky, 1922, 

Dorylaimellus Cobb, 1913 and the family Belonolaimidae. 

 

In CTA ecosystems, R. parvus was predominant with the highest PV and MPD 

values, followed by S. brachyurus and Rotylenchus Filipjev, 1936 (Table 3.3). These 
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species occurred in 82, 17 and 45 % of the samples, respectively. Other plant-

parasitic nematode species present in soil samples from CTA ecosystems with 

relatively low PV, MPD and FO values were N. minor, Helicotylenchus digonicus 

Perry in Perry, Darling & Thorne, 1959, C. sphearocephalus, Criconemoides 

obstusicaudatus Heyns, 1962, Helicotylenchus paraplatyurus Siddiqi, 1972, P. 

vulnus as well as members of the family Belonolaimidae.  

 

In samples from NV ecosystems, Helicotylenchus dihystera (Cobb, 1893) Sher, 1961 

dominated with the highest PV and MPD values followed by H. digonicus and R. 

parvus (Table 3.3). Individuals of these three species occurred in relatively few 

samples, namely 16, 21 and 40 % respectively. Other plant-parasitic nematode 

species present in soil samples from NV ecosystems with relatively low PV, MPD 

and FO values were R. borealis, C. obstusicaudatus, P. scribneri, P. vulnus, P. 

delattrei, R. incultus Sher, 1965, H. paraplatyurus, P. zeae, S. brachyurus, T. 

mashhoodi, Quinisulcius capitatus (Allen, 1955) Siddiqi, 1971, Tylenchorhynchus 

brevilineatus Williams, 1960 as well as individuals of the genera Longidorus, 

Xiphinema Cobb, 1913 and Dorylaimellus and those from the family Belonolaimidae. 

 

3.2 Non-parasitic nematodes 

Individuals belonging to 37 genera and seven families were recorded from soil-

rhizosphere samples from the three ecosystems (Table 3.5). These represented 

bacteri-, fungi-and omnivores, and predators which represented the different 

functional guilds as listed in Table 3.5. 

 

The predominant trophic group of non-parasitic nematode genera identified in soils 

from CA treatments according to PV and MPD values were bacterivores, viz. 

Acrobeles von Linstow, 1877, followed by Acrobeloides Cobb, 1924, Chiloplacus 

(Thorne, 1937 and Cephalobus Bastian, 1865 (Table 3.5). Individuals of these 

respective genera occurred in 80, 97, 48 and 50 % of the samples. Other bacterivore 

genera recorded were Zeldia Thorne, 1937, Panagrolaimus Fuchs, 1930, 

Eucephalobus Steiner, 1936, Teratocephalus de Man, 1876, Elaphonema Heyns, 

1962, Prismatolaimus de Man, 1880 and Monhystera Bastian, 1865. Bacterivore 

individuals belonging to the families Monhysteridae, Rhabditidae and Plectidae were 

also present. 
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The predominant fungivore genera present in CA ecosystems were Aphelenchus 

Bastian, 1865 and Aphelenchoides Fischer, 1894, with the highest PV and MPD 

values (Table 3.5). Individuals of these genera occurred in 32 and 33 % of the 

respective samples. Other fungivore genera, viz. Ditylenchus Filipjev, 1936, 

Nothotylenchus Thorne, 1941, Doryllium Cobb, 1920, Tylencholaimus de Man, 1876 

and Tylencholaimellus M. V. Cobb, 1915 as well as individuals belonging to the 

families Neotylenchidae and Leptoncidae.  

 

The MDP and thus PV of omnivores present in CA ecosystems were relatively low 

and included the genera Pungentus Thorne & Swanger, 1936, Eudorylaimus 

Andrássy, 1959, Aporcelaimellus Heyns, 1965, Dorylaimus Dujardin, 1845, 

Prodorylaimus Andrássy, 1964, Thornenema Andrássy, 1959 as well as individuals 

belonging to the family Dorylaimidae. These omnivores were present in 3 – 30 % of 

the samples. Predators present were represented by individuals of the family 

Discolaimidae (30 %) and the genera Dicolaimoides Heyns, 1963, sensu Das et al., 

1969 (22 %), and Discolaimus Cobb, 1913 (3 %) in particular.  

 

For the CTA ecosystems the predominant bacterivore genera according to PV and 

MPD values were Acrobeloides, followed by Cephalobus and Acrobeles. Individuals 

of these three genera were present in 93, 48 and 75 % of the samples. Other 

bacterivore genera present were Zeldia, Rhabditis Dujardin, 1845, Eucephalobus, 

Panagrolaimus and Chiloplacus as well as individuals from the families Rhabditidae 

and Monhysteridae.  

 

In terms of fungivores, Aphelenchoides and Aphelenchus dominated in CTA 

ecosystems since they had the highest PV and MPD and occurred in 50 and 43 % of 

the samples (Table 3.5). Tylenchus Bastian, 1865, sensu latu and Ditylenchus were 

also present, occurring in 40 % and 12 % of the samples, respectively. Other 

fungivores present were Tylencholaimus and Doryllium and individuals from the 

families Neotylenchidae and Leptonchidae. Omnivore genera present were 

Mesodorylaimus Andrássy, 1959 and Dorylaimus as well as individuals from the 

family Dorylaimidae. One predator genus was represented by Discolaimoides as well 

as by individuals of the family Discolaimidae. 
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In the NV ecosystems Acrobeles spp., occurred in 100 % of the samples, and was 

the predominant non-parasitic bacterivore nematode genus followed by 

Eucephalobus and Acrobeloides (Table 3.5). The latter genera were present in 83 % 

and 92 % of the samples, respectively. Other bacterivore genera present in NV 

ecosystems were Cephalobus, Elaphonema, Monhystera, Panagrolaimus, Zeldia, 

Chiloplacus, Prismatolaimus, Plectus Bastian, 1865, Mesorhabditis Osche, 1952, 

Teratocephalus, Wilsonema Cobb, 1913 and Rhabditis as well as individuals from 

the families Monhysteridae, Plectidae and Rhabditidae. Fungivore genera were 

dominated by Tylenchus, followed by Aphelenchoides and Aphelenchus. These 

genera were present in 82, 57 and 54 % of all soil samples. Other fungivore genera 

present included Doryllium, Alaimus de Man, 1880, Nothotylenchus, Thada Thorne, 

1941 and Tylencholaimus as well as individuals from the families Neotylenchidae 

and Leptonchidae. The family Dorylaimidae represented the predominant omnivores, 

followed by individuals from the genera Aporcelaimellus, Dorylaimus, 

Mesodorylaimus, Thornenema and Paraxonchium Krall, 1985 Synonym 

Drepanodorus Altherr, 1954. Predators were dominated by individuals from the 

family Discolaimidae and the genera Discolaimoides, Discolaimus, Paractinolaimus 

Meyl, 1957 and Discolaimium Thorne, 1939. 
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Table 3.5: Prominence values (PV), mean population density (MPD) and frequency of occurrence (FO: %) of non-parasitic nematode species present in 

rhizosphere soil (200 g) of maize crops under conservation (CA) and conventional agriculture (CTA) as well as grass from natural-veld (NV) areas from six 

localities in the North-West and Free State provinces of South Africa during the 2012/2013 growing season. 

Treatment Nematode family/genus/species 
Functional 

guild 
PV MPD FO Nematode family/genus/species 

Functional 
guild 

PV MPD FO 

Conservation 
Agriculture (CA) 

Acrobeles Ba2 52 59 80 Discolaimidae Ca5 3 6 30 

Acrobeloides Ba2 38 38 97 Nothotylenchus Fu2 2 10 3 

Chiloplacus Ba2 24 35 48 Rhabditidae Ba1 1 10 2 

Cephalobus Ba2 15 22 50 Plectidae Ba2 1 10 2 

Zeldia Ba2 14 20 50 Prismatolaimus Ba3 1 7 2 

Tylenchus Fu2 14 19 50 Eudorylaimus Om4 1 5 8 

Aphelenchus Fu2 11 19 32 Discolaimoides Ca5 1 3 22 

Aphelenchoides Fu2 10 18 33 Discolaimus Ca5 1 3 3 

Panagrolaimus Ba1 10 14 47 Doryllium Fu4 1 3 7 

Eucephalobus Ba2 8 10 65 Aporcelaimellus Om5 1 2 15 

Teratocephalus Ba3 6 10 33 Dorylaimus Om4 1 2 7 

Ditylenchus Fu2 6 27 5 Prodorylaimus Om4 1 2 12 

Neotylenchidae Fu2 5 18 8 Thornenema Om4 1 2 7 

Dorylaimidae Om4 5 10 30 Leptonchidae Fu4 1 2 10 

Elaphonema Ba2 5 8 32 Monhystera Ba2 0.4 3 2 

Monhysteridae Ba2 4 13 12 Tylencholaimus Fu4 0.4 2 3 

Pungentus Om4 4 12 12 Tylencholaimellus Fu4 0.2 1 3 

Conventional 
Tillage (CTA) 

Acrobeloides Ba2 87 90 93 Rhabditidae Ba1 3 20 2 

Cephalobus Ba2 82 118 48 Rhabditis Ba1 3 20 2 

Aphelenchoides Fu2 40 56 50 Monhysteridae Ba2 3 10 8 

Acrobeles Ba2 40 46 75 Discolaimoides Ca5 3 8 13 

Zeldia Ba2 23 29 65 Dorylaimidae Om4 3 6 23 

Tylenchus Fu2 20 31 40 Eucephalobus Ba2 3 4 47 
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Table 3.5 continues 

Treatment Nematode family/genus/species 
Functional 

guild 
PV MPD FO Nematode family/genus/species 

Functional 
guild 

PV MPD FO 

Conventional 
Tillage (CTA) 

Aphelenchus Fu2 19 29 43 Neotylenchidae Fu2 2 10 5 

Panagrolaimus Ba1 14 16 75 Nothotylenchus Fu2 2 10 3 

Tylencholaimus Fu4 5 13 15 Leptonchidae Fu4 2 4 23 

Mesodorylaimus Om4 4 17 5 Doryllium Fu4 2 4 23 

Ditylenchus Fu2 4 13 12 Dorylaimus Om4 1 5 5 

Discolaimidae Ca5 4 7 32 Chiloplacus Ba2 0.4 1 10 

Natural Veld 
(NV) 

Acrobeles Ba2 93 93 100 Mesorhabditis Ba1 7 30 6 

Eucephalobus Ba2 66 72 83 Neotylenchidae Fu2 7 17 17 

Tylenchus Fu2 58 64 82 Dorylaimidae Om4 6 9 51 

Acrobeloides Ba2 41 42 92 Teratocephalus Ba3 6 8 50 

Monhysteridae Ba2 25 36 49 Discolaimus Ca5 4 8 28 

Discolaimidae Ca5 24 30 64 Doryllium Fu4 4 8 27 

Cephalobus Ba2 24 26 92 Leptonchidae Fu4 4 7 33 

Elaphonema Ba2 20 69 8 Paractinolaimus Ca5 3 10 7 

Aphelenchoides Fu2 20 26 57 Aporcelaimellus Om5 3 7 17 

Monhystera Ba2 19 44 18 Alaimus Ba4 3 8 19 

Panagrolaimus Ba1 19 23 67 Nothotylenchus Fu2 2 10 5 

Zeldia Ba2 18 23 58 Wilsonema Ba2 2 7 9 

Chiloplacus Ba2 16 25 41 Dorylaimus Om4 2 4 20 

Aphelenchus Fu2 15 20 54 Thada Fu2 1 10 1 

Prismatolaimus Ba3 13 20 42 Tylencholaimus Fu4 1 6 5 

Ditylenchus Fu2 10 30 12 Rhabditis Ba1 1 5 2 

Plectidae Ba2 10 25 16 Mesodorylaimus Om4 1 3 6 

Rhabditidae Ba1 8 27 9 Discolaimium Ca5 1 3 5 

Plectus Ba2 8 21 16 Thornenema Om4 0.3 3 19 

Discolaimoides Ca5 8 15 29 Paraxonchium Om5 0.3 1 4 
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3.2.1 Food-web structures 

One of the ecosystems, CTA1, plotted in Quadrant A according to its high EI and 

very low SI (Fig. 3.1). The soil-quality of this specific site with regard to non-parasitic 

nematodes was hence characterized as stressed but enriched due to the presence 

of mainly the Ba1, Ba2 as well as Fu2 guilds (Table 3.5). The low SI indicates the 

absence of Ba3, Fu3, Ca3, Ca4 and Om5 guilds, while low population densities of 

Om5 and Ca5 guilds were present.  

 

Only nematode assemblages present in sample CA6 plotted in Quadrant B, due to 

the relatively high EI (60.3 %) and SI (53.8 %) assigned to it (Fig. 3.1). Soil at this 

site is described as being stable and enriched with regard to its inhabiting non-

parasitic nematode community. The high EI indicates the presence of relatively high 

population levels of both Ba1 and Ba2 nematode genera (Table 3.5). The high SI 

represent relatively high population levels of Ba3, Fu4 Om4 Om5 and Ca5 guilds 

(Table 3.5).  

 

For soil sampled at two of the ecosystems, CTA3 and NV1, low EI and high SI was 

assigned to it and accordingly plotted them in Quadrant C (Fig. 3.1). The soils at 

these ecosystems are described as stable and depleted with regard to the non-

parasitic nematodes present. Soil from the CTA3 site had an intermediate EI (39.2 

%) but relatively high SI (50.6 %), while soil collected from NV1 demonstrating a 

relatively low EI (22.1 %) but high SI (57.7 %). The EI in CTA3 and NV1 was 

represented by non-parasitic nematodes belonging to the functional guilds Ba1 and 

Fu2. The higher SI present in the CTA3 soil was mainly due to the presence of Ca5 

(Table 3.5). For NV4 site, the high SI was in general due to the presence of Ba3, 

Fu4, Om4 and Ca5 (Table 3.5).  

 

According to the EI and SI indices, 63 % (15 of the 24 sites) of the ecosystems 

sampled from the three different systems (CA, CTA and NV) plotted in Quadrant D 

(Fig. 3.1), indicating that soils from such ecosystems are stressed and depleted in 

terms of the soil non-parasitic nematode communities. These fields in general had 

low EI (ranging from 4 % for CA4 to 40.8 % for CA3) and SI (ranging between 4.5 % 

for CA4 and 48.1 for NV4). The low EI was a result of high population levels of the 

Ba2 and Fu2 guilds (Table 3.5). The low SI implies the presence of low population 



103 

levels and diversity of bacterivores, fungivores, omnivores and predator nematodes 

with cp-values between 3 and 5 (Table 3.5).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.1: Structure Index (SI) and Enrichment Index (EI) of each sampling site according to coloniser-

persister (cp) values assigned to non-parasitic nematode genera that were identified from soil 

samples. The soil samples were collected from maize fields under conservation agriculture (CA) and 

conventional tillage (CTA) practices as well as natural veld (NV) ecosystems from six localities within 

the maize production area of South Africa during the 2012/2013 growing season. 

 

3.3 Associations between nematode assemblages and ecosystems  

3.3.1 Plant-parasitic nematodes (root and soil samples) 

According to the correlation circle of the PCA, the majority of the plant-parasitic 

nematode genera identified from both root and soil samples plotted on the left side of 

the F2 axis (Fig. 3.2A). Rotylenchulus spp. (50 g roots and 200 g soil) was 

predominantly related to the F1 axis, followed by Pratylenchus (5 g roots and 200 g 

soil), Scutellonema Anrdássy, 1958 (200-g soil), Nanidorus Siddiqi, 1974 (200 g soil) 
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and Tylenchorhynchus Cobb, 1913 (200 g soil). On the right side of the F2 axis, 

Xiphinema (200 g soil) was predominantly related to the F1 axis followed by 

Dorylaimellus (200 g soil). On the other hand, Meloidogyne (50 g roots) was the 

predominant plant-parasitic nematode genus on the F2 axis followed by the following 

genera of which individuals were extracted from 200-g soil samples: Helicotylenchus 

Steiner, 1945, Hemicycliophora de Man, 1921, Meloidogyne and Rotylenchus 

Filipjev, 1936 spp. Individuals belonging to the genera Longidorus and Quinisulcius 

Siddiqi, 1971 as well as the family Belonolaimidae identified from 200 g soil samples, 

was negatively related to the other plant-parasitic nematode species represented on 

the F2 axis.  

 

The association of the plant-parasitic nematodes (Fig. 3.2A) with the three respective 

ecosystems (Fig. 3.2B), suggested that those identified from samples from the NV 

ecosystems are situated on the opposite side of those present in both samples from 

CA and CTA maize fields. Plant-parasitic nematodes, except for the genera 

Xiphinema, Quinisulcius, Longidorus, Helicotylenchus, and Dorylaimellus spp. as 

well as the family Belonolaimidae, were thus present at lower population levels in 

root and soil samples collected from NV ecosystems compared to those from CA 

and CTA ecosystems (Table 3.2).  

 

According to the factorial plan of the PCA, the plant-parasitic nematode genera 

associated with the two respective maize ecosystems differed significantly according 

to T-test analyses (Table 1, Appendix II) (Table 3.3). With regard to Rotylenchulus 

present in 50-g root samples the difference between the CA and CTA ecosystems 

were significant (Table 1, Appendix II). The high population densities of 

Rotylenchulus spp. in the 50 g roots outweighed the presence of Meloidogyne spp., 

hence the placement of the CA ecosystem as observed in the factorial plan (Fig. 

3.2B). Furthermore, in the CTA and NV ecosystems, Rotylenchus spp. were present 

in the 200 g soil samples but absent in the CA system (Table 3.3). The CTA 

ecosystem in general had significant higher Rotylenchus spp. population levels than 

the NV system (Table 3.3, Fig. 3.2A and 3.2B; (Table 2, Appendix II)). 



105 

Mel50gR

-1.0 -0.5 0.0 0.5 1.0

Factor 1 : 18.43%

-1.0

-0.5

0.0

0.5

1.0
F

a
ct

o
r 

2
 : 

1
4

.4
7

%

Rchulus50gR

Pratyl5gR

Mel5gR

PratylS

HelicotS

RotylS

ScutelS
RchulusS

CricoS

HemicS

NanidS
TylchorS

QuiniS

MelS

BelonoS

XiphnS

LongidS

DorylS

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figs. 3.2A and 3.2B: A correlation circle (A) and factorial plan (B) illustrating the composition of plant-parasitic nematodes in root and soil samples (A) collected 100 days after 

planting during the 2012/2013 survey from maize crops under (B) conservation (CA) and conventional (CTA) maize fields as well as from natural-veld (NV) ecosystems at six 

localities in the North-West and Free State Provinces of South Africa.[3.2A: BelonoS = Belonolaimidae soil; CricoS = Criconemoides soil; DorylS = Dorylaimellus soil; HelicotS = 

Helicotylenchus soil; HemicS = Hemicycliophora soil; LongidS = Longidorus soil; Mel (50gR, 5gR, S) = Meloidogyne 50- and 5-g roots and soil; NanidS = Nanidorus soil; Pratyl (5gR, S) = 

Pratylenchus 5-g roots and soil; QuiniS = QuinisulciusS; Rchulus (50gR, S) = Rotylenchulus 50-g roots and soil; RotylS = Rotylenchus soil; ScutelS = Scutellonema soil; TylchorS = 

Tylenchorhynchus soil; XiphnS = Xiphinema soil. 3.2B: COL = Coligny; LICHB = Lichtenburg; HRTBF = Hartbeesfontein; OTSD = Ottosdal; KRST = Kroonstad; VJSK = Viljoenksroon.]  
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3.3.2 Non-parasitic nematodes (soil samples) 

According to the correlation circle, non-parasitic nematode communities plotted on 

the left side of the F2 axis (Fig. 3.3A). Individuals from the order Dorylaimida (Table 

3.5) were the predominant group on the F1 axis, followed by the families 

Monhysteridae, Plectidae, Aphelenchidae and Cephalobidae. Ditylenchus spp. were 

predominantly plotted along the F2 axis followed by the family Teratocephalidae. 

Comparison of non-parasitic nematode assemblages with those of the three 

treatments illustrated that the nematode communities present in NV soil samples are 

situated opposite to those identified from both CA and CTA fields (Fig. 3.3B). Soils 

from the NV fields sustained higher and in general significantly higher population 

levels with regard to Cephalobidae, Monhysteridae and Dorylaimida than both the 

CA and CTA fields according to T-test analyses (Appendix I). Furthermore, the NV 

ecosystems generally had a higher diversity of non-parasitic nematode genera and 

population densities present than the two maize ecosystems (Table 3.5). The only 

exception is the CTA maize field sampled at Ottosdal which had significantly higher 

Cephalobidae numbers than the NV field (Table 3, Appendix II). 
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Figs. 3.3A and 3.3B: A correlation circle (A) and factorial plan (B) illustrating the composition of non-parasitic nematodes in soil samples (A) collected 100 days after planting 

during the 2012/2013 survey from maize crops under (B) conservation (CA) and conventional (CTA) agriculture as well as natural-veld (NV) ecosystems at six localities in the 

North-West and Free State Provinces of South Africa. (3.3B: COL = Coligny; HRTBF = Hartbeesfontein; OTSD = Ottosdal; KRST = Kroonstad) 
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4. Discussion and conclusions 

The generally higher PV for the major plant-parasitic nematodes present in CA 

maize fields compared to those from CTA are in agreement with reports by McSorley 

& Gallagher (1994), Noel & Wax (2003) as well as those from Marais et al. (2009) for 

maize-based cropping systems. In total, 13 plant-parasitic genera and 21 species 

and one subspecies were identified in association with maize root and rhizosphere 

samples as a result of this study in the three different ecosystems. The subspecies, 

P. teres subsp. vandenbergae, represents a first report for maize in South Africa as 

well as for the crop worldwide since it has to date only been reported in association 

with local tobacco crops (Carta et al., 2002). The 37 non-parasitic nematode genera 

identified from local maize fields and adjacent natural veld ecosystems during this 

study, represent valuable information with regard to nematode-food webs in such 

ecosystems and also represent novel information. 

 

Other novel findings that emanated as a result of this study, are the predominance of 

R. parvus over Meloidogyne spp. in 50-g maize root samples from both CA and CTA 

fields and also the presence of R. borealis in NV ecosystems (Marais et al., 2015). 

Rotylenchulus reniformis Linford & Oliveira, 1940 eggs and J2 are extracted routinely 

using NaOCl-based methods for greenhouse and field studies where this species 

occurs as monoculture populations (Yik & Birchfield, 1984; Davis & Webster, 2005; 

Moore, 2012; Russi, 2012; Konan et al, 2014; Schrimsher et al., 2014). However, the 

concomitant occurrence of R. parvus with Meloidogyne from field studies has not 

been reported before. Rotylenchulus parvus is, however, omnipresent in local soils 

where maize (Keetch & Buckley, 1984; De Waele & Jordaan, 1988a; Kleynhans et 

al., 1996), soybean (Fourie et al., 2001), wheat (Jordaan et al., 1992) and sunflower 

(Bolton et al., 1989) are cultivated. Furthermore, during a survey of plant-parasitic 

nematodes associated with weeds that was conducted across the nine provinces of 

South Africa, Ntidi et al. (2012) reported that R. parvus occurred in 55 % of the 

samples collected. Although this species is also present in agricultural soils in other 

countries the population levels reported are relatively low (Konicek, 1963; Colbran, 

1964; Dasgupta & Raski, 1968; Roman & Grullon, 1975; Heyns, 1976; Garcia-M., 

1982; Louw, 1982; Stokes, 1982; Keetch & Buckley, 1984; Bajaj & Bhatti, 1987; 

Lehman & Inserra, 1990; Robinson et al., 1997). Also, earlier studies in South Africa 

showed that R. parvus densities in the maize-production areas were relatively low 
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and the species was hence suggested not to be pathogenic to local agri- and/or 

horticultural crops (Louw, 1982; Mc Donald & De Waele, 1987; De Waele & Jordaan, 

1988a). Nonetheless, De Waele & Jordaan (1988a) questioned the low population 

densities of this species in local maize producing areas opposed to its high 

frequency of occurrence. Their results, however, are different from those generated 

for this species during this study and hence warrant further investigations regarding 

the distribution and pathogenicity of R. parvus in local maize fields.  

 

The presence of Meloidogyne spp. (M. incognita and M. javanica) from grass roots 

from NV ecosystems is another surprising and important finding that emanated from 

this study. These nematode pests are usually present in high numbers in maize roots 

from CTA fields (Riekert, 1995; Riekert, 1996; Riekert & Henshaw, 1998; Bekker et 

al., 2007; Fourie et al., 2011). Results from this study, however, showed that local 

producers may experience problems when NV ecosystems, are newly converted for 

production of maize or other root-knot-susceptible rotation crops such as dry bean 

(Kleynhans et al., 1996), potato (Engelbrecht, 2012), soybean (Fourie et al., 2015), 

sunflower (Bolton et al., 1989) and others (Kleynhans et al., 1996). Also emanating 

from this study is that morphological and molecular identification of Meloidogyne spp. 

should both be done since this study showed that discrepancies could occur if only 

one method is used.  

 

The association of numerous Pratylenchus spp. (five species) with maize as a result 

of this study is in agreement with reports by other authors for local maize crops (De 

Waele & Jordaan, 1988a; Bekker et al., 2007; Fourie et al., 2011). Lesion nematodes 

are also known to parasitise maize in other countries (Mc Donald & Nicol, 2005; 

Castillo & Volvas, 2007). However, the predominance of P. delattrei in local CA 

maize fields is novel since previous reports listed P. zeae as the major lesion-

nematode dominating in traditional CTA maize-based farming systems (De Waele & 

Jordaan, 1988a; Bolton et al., 1989; Fourie et al., 2001). The only other existing 

report of P. delattrei infecting local maize is by Van Biljon & Meyer (2000) who 

inoculated individuals of the species from a monoculture population on maize in a 

greenhouse study. These authors noted that maize roots maintain high population 

levels of P. delattrei. Furthermore, the higher diversity of Pratylenchus spp. in CA 
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compared to that of CTA and NV ecosystems is interesting but has been reported 

earlier by Marais et al. (2009) from a CA study in the KwaZulu-Natal Province.  

 

Concerning other common plant-parasitic nematodes associated with maize crops, a 

few interesting findings also emanated from this study. The presence of S. 

brachyurus as one of the predominant soil nematodes is in agreement with earlier 

reports (Bolton et al., 1989; De Waele et al., 1988a). Also, H. digonicus has earlier 

been reported from maize crops cultivated in the Gauteng and Limpopo Provinces 

(Marais & Swart, 2015) and H. paraplatyurus from the Eastern Cape, KwaZulu-Natal, 

Mpumalanga and Limpopo Provinces (Kleynhans et al., 1996; Marais & Swart, 2015) 

and is thus in agreement with results from this study for the North-West Province. 

The same applies for T. mashhoodi being identified from maize fields sampled in the 

Free State Province during this study since it has only been reported in 2006 from 

maize crops in the KwaZulu-Natal and Limpopo Provinces (Marais & Swart, 2015).  

 

With regard to non-parasitic nematodes identified from soil samples, results varied 

between ecosystems for the two maize agricultural practices (CA and CTA) with both 

maintaining high PV for some families such as Cephalobidae, Aphelenchidae and 

Aphelenchoididae. Interestingly, however, was that the fungivorous genus 

Aphelenchus dominated in both CA and CTA ecosystems, while Aphelenchoides 

spp. dominated in CTA ecosystems. Nevertheless, soil from the NV ecosystems had 

higher PV and higher diversity for most of the non-parasitic nematode families and 

genera compared to those from CA and CTA ecosystems. This trend has been 

reported before by Yeates & Bird (1994) in south Australian soils where the diversity 

of non-parasitic nematodes was consistently highest in shrub-land areas where no 

physical or chemical disturbances take place (Bongers, 1990). In terms of 

bacterivores, Wang et al. (2004) also reported an increase of soil bacterial 

communities under no-till practises in Florida (USA). Population levels of the 

fungivore genus Aphelenchoides on the other hand were not higher compared to 

those present in CTA crop fields (Wang et al., 2004). 

 

In terms of soil-food web structures, only soil from one CA site (CA6) represented a 

stable and enriched nematode food-web (Quadrant B) that should be strived towards 

by farmers in their aims to practice sustainable crop production. Such nematode food 
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webs are generally present in soils where natural vegetation grows or no/minimal 

disturbances occurred (Ferris et al., 2001). In contrast to reports that nematode food 

webs from soils of NV ecosystems are generally structured, none of those during this 

study plotted in Quadrant B. A possible explanation for this phenomenon is the low 

soil organic matter which is associated with South African soils in general (Du Toit et 

al., 1994). However, other factors that are beyond the scope of this study most 

probably also had an effect on this scenario and warrants further investigation. 

Ultimately, the majority (83 %) of the soils sampled during this study represented 

resource-depleted soil nematode communities (Quadrant D) (Ferris et al., 2001). 

This phenomenon is often correlated with management practices where fertilizers 

(Benkovic-Lacic et al., 2013) and pesticides are applied regularly (Sánchez-Moreno 

et al., 2009), which is typical practice in local agriculture. Benkovic-Lacic et al. 

(2013), for example reported that the mineral fertilizer NPK 6:18:36 reduced the 

population levels and diversity of omnivores. Furthermore, these authors suggested 

that the occurrence of predator nematodes in general are low or absent in 

agricultural soils due to their sensitivity to soil disturbances and chemical 

amendments (Bongers, 1990; Habig et al., 2015).  

 

Information and knowledge on the effects of CA on plant-parasitic- and non-parasitic 

nematode assemblages are not only limited and fragmented, but also represent 

conflicting results as discussed in the introductory part. Ultimately, this study 

demonstrated that differences in plant-parasitic nematode and non-parasitic 

assemblages existed between maize fields under CA and CTA practises. Factors 

other than cultivation and/or no cultivation (no till) are at this stage proposed to 

contribute towards this scenario. The generation of data over a wide as possible 

area in the maize-production regions where CA is practised and also during more 

than one sampling interval per season (and over a number of years) should hence 

be done to elucidate factors that may impact on nematode assemblages. Such data 

can then also be used to determine whether associations exist between nematode 

assemblages and chemical and physical properties of soils. This is, for example, a 

topic for which limited data exist under South African environmental conditions for 

agricultural crops and warrants further investigation. 
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CHAPTER 4  

 

Effect of conservation and conventional agriculture on plant-parasitic 

nematode population levels: A comparative study  

 

Abstract 

Conservation agriculture (CA) primarily endeavours to optimise crop production, 

using practices and principles that promote soil quality. Conservation agriculture is 

also considered as an alternative means to control plant-parasitic nematode 

population levels. The main objective of the study was to determine the identity of 

plant-parasitic nematodes and monitor changes in their abundance and diversity 

over four growing seasons in both CA and conventional (CTA) systems at two rain-

fed field trial sites, Buffelsvallei (sandy-loam soils) and Erfdeel (sandy soils). These 

trials represented CA and CTA maize monoculture, and maize rotated with cowpea, 

pearl millet and sunflower in different crop-sequence (CRS) combinations. Nematode 

samples were obtained during each growing season from all plots at planting (soil 

only) as well as 60 (rhizosphere soil and roots) and 100 (rhizosphere soil and roots) 

days after planting. At Buffelsvallei nine plant-parasitic nematode genera and 11 

species were identified, while at Erfdeel six genera and nine species were recorded. 

Plant-parasitic nematode population levels generally increased within soils from both 

CA and CTA cropping sequences. Rotylenchulus parvus dominated in crop roots at 

Buffelsvallei and Meloidogyne incognita at Erfdeel during the last sampling interval. 

The CA cropping sequences in which cowpea (CA) was included had significantly 

lower R. parvus and M. incognita population levels, while those containing sunflower 

showed the same tendency for R. parvus. In general the CA cropping sequences 

had lower plant-parasitic nematode densities than CTA maize. However, population 

densities of Tylenchorhynchus goffarti (Erfdeel) and Scutellonema brachyurus 

(sunflower, Buffelsvallei) were higher in soils of CA than CTA cropping systems. 

Significant CRS x season plant-parasitic interactions with regard to plant-parasitic 

nematode population densities also existed at both localities. Generation of 

nematode data over a longer period should be done to obtain knowledge about both 

biotic and abiotic factors that impact on the restoration of soil quality and sustainable 

crop productivity.  
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1. Introduction 

Plant-parasitic nematodes cause substantial crop losses in a variety of commercial 

and industrial, high-valued food crops (Jones et al., 2013). The use of synthetic 

nematicides is a very successful management tool for controlling plant-parasitic 

nematodes. However, as soon as the efficacy period of nematicides is reached 

population densities of nematode pests start to increase in roots and rhizosphere soil 

of infected crops. This phenomenon has for example been demonstrated for maize 

crops in South Africa where the numbers of nematode pests peaked during the 

flowering stage of maize (Riekert, 1996). Because of the high toxicity of nematicides 

and also due to their adverse effects on other soil-dwelling organisms (such as non-

parasitic nematodes and other beneficial soil organisms) several of the highly 

effective nematicides have been discontinued (Wesemael et al., 2011). In South 

Africa, products containing aldicarb and endosulfan as active substances (a.s.) were 

withdrawn from the market in 2011 (Anonymous, 2012, Verdoorn, 2012). Both these 

a.s. were, for example, registered on maize. Therefore, the need to exploit and 

develop alternative control strategies against nematode pests has been realised and 

addressed accordingly (Fourie et al., 2014; Kruger et al., 2015). 

 

One of the alternative strategies advocated to combat nematode pests is the practice 

of conservation agriculture (CA) (Bolliger et al., 2006). This approach is a means to 

aim at producing crops in a profitable and realistic way under local environmental 

conditions (Bolliger et al., 2006). It entails the establishment of sustainable 

production where ancient and modern agricultural practices are combined (Minton, 

1986) and is ultimately aimed at increasing soil quality (Giller et al., 2009). The 

conservation of soil quality is crucial since 500 million ha of arable land on the 

African continent are severely degraded (Lal, 2015). To make such soils productive 

again will require huge financial investment (Lal, 2015). It is further estimated that for 

sub-Saharan African countries about 350 million ha of soils are degraded, with 100 

million ha being severely degraded (Zingore et al., 2016). However, CA is proposed 

as a strategy that can enhance the quality of soils and is practised widely in North- 

and South America. These include countries such as Argentina, Brazil, Canada and 
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the United States of America (USA) (Bolliger et al., 2006; Huggins & Reganold, 

2008; Giller et al., 2009). In South Africa CA is also practised, but on a smaller scale 

(Giller et al., 2009; Habig et al., 2015). However, the current trend shows an 

increasing adoption rate by farmers (ranging from 1% in the Free State and Northern 

Cape to >70% in the Western and Southern Cape provinces) (Engelbrecht, 2016).  

 

Conservation agriculture is advocated to alleviate amongst other pests, nematode 

problems as well (Bolliger et al., 2006; FAO, 2008). However, the three principles of 

this approach e.g. minimum soil disturbance, soil cover (related to the organic matter 

content of soils) and crop rotation) (FAO, 2008), are not always beneficial in terms of 

reducing nematode-pest populations in crop fields. For example, an increase in 

population densities of Pratylenchus scribneri Steiner, 1943 in CA has been reported 

from CA compared to CTA soybean fields (Alby et al., 1983; Minton, 1986). 

Conversely, McSorley and Gallaher (1994) found that increases in Pratylenchus 

Filipjev, 1936 populations occurred in maize fields in Florida (USA) under CTA 

opposed to those under CA minimum soil disturbance. Marais et al. (2009) also 

observed during field trials in KwaZulu-Natal, South Africa, that plant-parasitic 

nematode population densities were higher under CA in comparison to CTA. 

Concerning the higher organic carbon (C) content scenario experienced in CA, 

beneficial/non-parasitic nematodes are known to occur at higher population levels in 

soils where C is higher (Yeates & Bird, 1994). Nonetheless, the organic content of 58 

% of local soils is low, containing between <0.5 and 2 % organic carbon (Du Preez et 

al., 2011). This scenario is mainly due to intensive soil cultivation over the past 70 

years (Du Toit et al., 1994; Du Preez et al., 2011; Pardos et al., 2012), which makes 

sustainable crop production increasingly difficult and resulted in the non-parasitic 

nematode component being low (Yeats & Bird, 1994). 

 

The third principle of CA, namely crop rotation is one of the oldest alternative 

strategies used in reducing population levels of plant-parasitic nematodes (Chen & 

Tsay, 2006; Karssen et al., 2013). However, the efficacy of crop rotation in terms of 

nematode management is influenced by various factors, e.g. environmental 

conditions, the economic value of the specific crop considered, cultivar choice, the 

nematode-pest species present, soil chemical and physical factors and numerous 

other biotic and abiotic factors (Thomason & Caswell, 1987; Chen & Tsay, 2006). An 
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ideal crop rotation program is aimed at preventing potential damage to the follow-up 

crop by reducing the target nematode-pest population without increasing those of 

other harmful nematode species (Johnson, 1985; Chen & Tsay, 2006). Under local 

climatic conditions, crop rotation systems are traditionally not designed to manage 

nematode pests in maize-based cropping systems. This is illustrated by the wide 

host ranges of the economically important nematode pests, Meloidogyne Goeldi, 

1887 and Pratylenchus Filipjev, 1936 (Kleynhans et al., 1996; Jones et al., 2013). 

These two nematode pest genera are also the most abundant associated with local 

maize-based cropping systems (Bolton et al., 1989; Riekert & Henshaw, 1998; 

Fourie et al., 2013). 

 

South Africa has unique crop production systems with regard to physical, chemical, 

as well as environmental factors and knowledge about the effect of CA in particular 

on nematode assemblages is limited to results of one study (in KwaZulu-Natal) 

(Marais et al., 2009). Therefore, the primary aim of this study was to determine the 

effect of CA on plant-parasitic nematode communities in maize-based cropping 

systems. 

 

2. Material and methods 

2.1 Trial sites 

The two trial sites where research were conducted during four consecutive summer-

growing seasons (2010-2011, 2011-2012, 2012-2013 and 2013-2014) are managed 

by the Agricultural Research Council‟s – Grain Crops Institute (ARC-GCI), which is 

located in Potchefstroom, North-West Province, South Africa. These were at 

Buffelsvallei (North West Province, 26°30′55.70′′ S, 26°39′03.61′′ E) and Erfdeel 

(Free State Province, 26°58′56.54′′ S, 27°01′33.83′′ E). These two localities have 

different soil types, namely sandy-loam soil (clay content of 16 %) at Buffelsvallei 

and sandy soil (clay content of 4 %) at Erfdeel.  

 

The following crops were grown during the period of this study in the CA-trials: 

namely maize (Zea mays L.), sunflower (Helianthus annuus L.), soybean (Glycine 

max L. Merr.) and cowpea (Vigna unguiculata L. Walp.). Pearl millet (Pennisetum 

glaucum L. R. Br.) was cultivated as the cover crop. A total of 28 plots were planted 

at each of the localities. At Buffelsvlei each plot size was 25 m x 20 m, including 28 
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rows and an inter-row spacing of 0.9 m. An exception, however, was that the 

sunflower and cowpea/soybean crops were planted in a split-plot design with only 14 

rows of each crop being grown at each of the two sites (Table 4.1). Due to technical 

difficulties soybean was replaced after the 2009-2010 season with cowpea. The data 

used for this study were thus obtained from the 2010-2011 until the 2013-2014 

growing seasons. At Erfdeel the plot size was 14 m x 30 m with 16 rows and an 

inter-row spacing of 0.9 m. No sunflower was planted at Erfdeel and hence no split-

plot design was used (Table 4.1).  
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Table 4.1: Information about the crop cultivars and plant density for crops used in the conservation agriculture trials at Buffelsvallei and Erfdeel over four 

consecutive growing seasons (2010/2011-2013/2014). 

Season Maize (M) Sunflower* (S) Cowpea (C) Pearl millet (P) 

 Cultivar 
Plant density 

(seeds ha
-1

) 
Cultivar 

Plant density 

(seeds ha
-1

) 
Cultivar 

Plant density  

(seeds ha
-1

) 
Cultivar 

Plant density 

(seeds ha
-1

) 

2010/2011 PAN 6P-563R 24 500 PAN 7050 40 000 Betchuana White  
110 000 

(+ Bradyrhizobium**) 
Common 

10 kg ha
-1 

 

(+ Consep***) 

2011/2012 PAN 5Q 649R 24 000 PAN 7049 40 000 Betchuana White  
110 000 

(+ Bradyrhizobium**) 
Common 

10 kg ha
-1

 

(+ Consep) 

2012/2013 PAN 5Q 649R 24 000 PAN 7049 40 000 Betchuana White  
110 000 

(+ Bradyrhizobium**) 
Common 

10 kg ha
-1

 

(+ Consep) 

2013/2014 PAN 5Q 649R 24 000 PAN 7049 40 000 Betchuana White  
110 000 

(+ Bradyrhizobium**) 
Common 

10 kg ha
-1

 

(+ Consep) 

*Sunflower was not included in the crop sequence at the Erfdeel locality; **Bradyrhizobium (Vigna sp.) for groundnut and cowpea for nitrogen-fixation; ***Consep® (a.s. fluxofenin, Syngenta) is a 

antidote with which pearl millet seeds were treated in order to protect them from potential herbicide damage 
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The CA trials at both localities consisted of four respective cropping sequences 

(CRS), with each replicated four times. These CRSs were, 1) monoculture maize 

under conventional tillage (MM/CTA); 2) monoculture maize under CA practices 

(MM/CA); 3) maize in rotation with cowpea and sunflower under CA practices 

(MC/CA and MS/CA, respectively) and 4) maize in rotation with cowpea/sunflower 

and pearl millet under CA practice (MPC/CA and MPS/CA, respectively). Each of the 

above mentioned crops were planted for each CRS during each of the different 

seasons. The trial layout for the cropping sequences (CRSs) used during this study 

at Buffelsvallei and Erfdeel are summarised in Table 4.2. However a detailed trail 

layout is given in Appendix III, Tables 1 and 2. 

 

Planting of the trials commenced at the beginning of each growing season after the 

first spring rain occurred. To ensure that the three principles of CA were adhered to, 

specialised planters designed for CA were used. The same applied when harvesting 

of the crops. In order to ensure that all crop residues were left behind on the plots, 

harvesting of the different crops was done by hand. In contrast, the plots designated 

for CTA practises were planted using traditional machinery and methods. Inorganic 

fertilizer was applied to all plots, CA and CTA, at planting of each growing season 

according to the requirements for each crop using the guidelines of the Fertilizer 

Association of Southern Africa (FERTASA, 2015). Herbicides were applied at 

planting and if necessary when needed during the respective seasons. Insect pests 

were treated with pesticides when necessary. Certain actions, including weeding, 

were conducted outside the active growing season and are presented in Appendix 

III, Tables 3 and 4. 

 

Six soil samples (± 30 cm) were collected at planting from each plot for nematode 

extractions that were done at the Nematology Unit‟s laboratory of the North-West 

University (Potchefstroom). Rhizosphere soil and root samples (six each) were, 

furthermore, obtained for nematode analyses from all plots 60 and 100 days after 

planting (DAP). Soil and root samples collected were mixed and reduced to three 

sub samples per plot. For the sunflower/cowpea plots at Buffelsvallei, soil samples 

were taken separately for each crop because of the split-plot design of this trial. 

During the follow-up seasons, separate samples were taken in these split-plots even 

if the same crop, for example maize, was planted on these plots. Therefore, a better 
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understanding of the effects of growing sunflower vs. cowpea on the plant-parasitic 

nematode communities was obtained. In contrast, since there was no split-plot 

design at the Erfdeel trial site, soil samples per plot were collected across the plot. 

 

During the 2011/2012 season no root- and soil samples were taken in plots where 

sunflower was planted due to poor germination. It was hence decided to omit such 

plots from the study for the purpose of data analyses, which represented cropping 

sequences 4 and 5 at Buffelsvallei (Table 4.2). Soil samples were also sent to the 

analytical laboratory of the ARC – Institute for Industrial Crops (IIC) for chemical 

analysis (Appendix III, Table 5 and 6). 
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Table 4.2: The layout of crop sequences used for the conservation agricultural trial conducted at two localities (Buffelsvallei and Erfdeel) where nematodes were sampled 

from the 2010-2011 to the 2013-2014 growing seasons.  

Buffelsvallei: maize, cowpea and pearl millet Buffelsvallei: maize, sunflower and pearl millet Erfdeel: maize, cowpea and pearl millet 

Crop included each season Crop included each season Crop included each season 

Crop 

sequence 
Practice 10/11 11/12 12/13 13/14 

Crop 

sequence 
Practice 10/11 11/12 12/13 13/14 

Crop 

sequence 
Practice 10/11 11/12 12/13 13/14 

1 CTA
1
 M

3
 M M M 1 CTA M M M M 1 CTA M M M M 

2 CA
2
 M M M M 2 CA M M M M 2 CA M M M M 

3 CA C
4
 M C M 3 CA S

6
 M S M 3 CA M C M C 

4 CA M C M C 4* - - - - - 4 CA C M C M 

5 CA P
5
 C M P 5* - - - - - 5 CA M P C M 

6 CA C M P C 6 CA S M P S 6 CA P C M P 

7 CA M P C M 7 CA M P S M 7 CA C M P C 

1
CTA = conventional agriculture; 

2
CA = conservation agriculture; 

3
M = maize; 

4
C = cowpea; 

5
P = pearl millet; 

6
S = sunflower; *4 & 5 = crop sequences at Buffelsvallei where sunflower was grown and left out due to poor 

germination and performance of the crop during the 2011/2012 growing season 
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2.2 Extraction of nematodes from root and rhizosphere soil samples 

For nematode extractions, a 50-g root sub sample from each sampling site was 

subjected to the modified NaOCl-method (Riekert, 1995) to collect eggs and second 

stage juveniles (J2) of Meloidogyne and Rotylenchulus Linford and Oliveira, 1940 

(see Chapter 2). For the extraction of a wider spectrum of plant-parasitic nematodes, 

a 5-g root sample from each of the sampling sites was submitted to the centrifugal-

sugar flotation method (Jenkins, 1964; Hooper et al., 2005). The extraction of plant-

parasitic and non-parasitic nematodes from soil samples was done by subjecting 

each 200-g soil sample collected to the decanting- and sieving method, followed by 

the centrifugal-sugar flotation method (Hooper et al., 2015).  

 

Nematodes present in root samples were counted using a Nikon (SMZ1500) stereo 

microscope (45 x magnification) with a De Grisse‟s counting dish (De Grisse, 1963). 

Nematodes present in soil samples were counted using a Peter‟s 1-ml counting slide 

(Hooper et al., 2005) and a Nikon (Eclipse 50i) light microscope (40x magnification). 

The latter counts were done by capturing the number of the nematodes from the 

different genera present in a 1-ml suspension of the total suspension obtained from 

the extraction process. This process was repeated twice and the mean calculated for 

each nematode genus to obtain a high level of accuracy (Coyne et al., 2007). 

 

2.3 Identification of plant-parasitic nematodes 

After nematode counting was done, plant-parasitic nematode individuals present in 

each sample were removed (using a tailor-made needle), fixed with in a FPG-based 

solution (Netscher & Seinhorst, 1969) and mounted on microscope slides (see 

Chapter 3, Section 2.3). Species identification of plant-parasitic nematodes was 

done by nematode taxonomists (Drs. Antoinette Swart and Mariette Marais, ARC-

PPR, Pretoria, South Africa). Non-parasitic nematodes were identified to genus level 

by Dr Antoinette Swart of the ARC-PPRI. Meloidogyne spp. identification was done 

by means of perineal-pattern and oesophageal morphology (Kleynhans, 1991). 

 

Except for morphological identification, Meloidogyne spp. only was also identified by 

means of molecular techniques. Soil samples obtained from each of the localities 

were transferred to 4-l capacity pots in which tomato seedlings (cv. Moneymaker) 

were planted. In-vivo rearing of Meloidogyne spp. populations from these two 
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localities was done as described by Fourie et al. (2013). Morphological identification 

of the perineal patterns and oesophageal areas of 21 female specimens from each 

locality was done using the method of Hartman & Sasser (1985) and verified by Dr 

Mariette Marais (ARC-PPR). The percentage of Meloidogyne spp. females identified 

was expressed using the following equation: (number of females identified 

representing a specific species / 21 females used) x 100. 

 

For molecular identification, 20 Meloidogyne spp. females were subjected to 

sequence-derived amplified region (SCAR) – polymerase chain reaction (PCR) 

analyses as described in Chapter 3, Section 2.3 using a modified version of the 

method described by Li et al. (2010).  

 

2.4 Statistical analysis 

2.4.1 Prominence values (PV) 

Since PV is a useful parameter to determine both the occurrence frequency and 

mean population densities of plant-parasitic nematodes (genera and/or species) 

(Norton, 1978; De Waele & Jordaan, 1988a; Fourie et al., 2001; Ntidi et al., 2012), it 

was used for the purpose of this study. The equation used is as follows: 

 

PV = population density x     frequency of occurrence          / 10 

 

2.4.2 Analysis of variance (ANOVA) 

Analyses of variance (ANOVA) were used to determine if significant differences 

existed between the different CRSs with regard to plant-parasitic nematode 

genera/species during each season. Repeated Measures ANOVAs (MANOVAs) was 

furthermore done with CRS as the main effects and seasons as the subfactor. 

Means were separated using the Tukey HSD Test at P ≤ 0.05. Nematode data was 

log transformed [log(x+1)] before commencement of analyses and Statistica Version 

13 (StatSoft, 2015) was used. 

 

 

 

 

√ 
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2.4.3 Principal Component Analyses (PCA) 

In order to determine whether associations between plant-parasitic nematodes 

existed in terms of the different seasons and CRS, PCA analyses were done 

(Hotelling, 1933; Thioulouse et al., 1997). The PCA results were illustrated by means 

of correlation circles and factorial maps. 

 

3. Results 

Due to the extensive nature of this study, only significant (P ≤ 0.05) differences with 

regard to the predominant nematode genus/species at 100 DAP are discussed for 

nematodes per CRS for each season and illustrated by means of tables. The entire 

data sheet (including nematode data at planting (0 days) and 60 DAP) for this study 

is, however, attached as Appendix III. The main reason for using the nematode data 

100 DAP was because at this time most of the plant-parasitic nematodes peaked in 

terms of their population densities. Another reason is because this sampling interval 

represents the time closest to the following season and gives a more accurate 

indication of the nematode population levels that could be expected with the onset of 

the following season. 

 

3.1 Plant-parasitic nematode assemblages at Buffelsvallei and Erfdeel 

3.1.1 Buffelsvallei 

Nine plant-parasitic nematode genera and 11 species were identified at Buffelsvallei. 

At Erfdeel six plant-parasitic nematode genera and eight species were identified. 

Nematode species that occurred at both sites were Rotylenchulus parvus (Williams, 

1960) Sher, 1961, Pratylenchus brachyurus (Godfrey, 1929) Filipjev and 

Schuurmans Stekhoven, 1941, Pratylenchus thornei Sher and Allen, 1953, 

Pratylenchus zeae Graham, 1951, and Nanidorus minor (Colbran, 1956) Siddiqi, 

1974. 

 

3.1.1.1 Roots 

3.1.1.1.1 50-g root samples 

Individuals from two plant-parasitic nematode species, namely Meloidogyne javanica 

(Treub, 1885) Chitwood, 1949 and Rotylenchulus parvus (Williams, 1960) Sher, 

1961 were extracted and identified from 50-g root samples collected at Buffelsvallei 

(Table 4.3). According to PV and MPD values, Rotylenchulus parvus dominated in 
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both CA and CTA monoculture maize as well as in CRS were cowpea, pearl millet 

and sunflower, were included for the duration of the trial. Meloidogyne javanica was 

present in low population densities, except for the sunflower CRS.  

 

3.1.1.1.2 5-g root samples 

The genus Pratylenchus was predominant in 5-g root samples (Table 4.3). For the 

MMMM/CTA system two Pratylenchus spp. occurred with P. thornei being 

predominant, followed by P. zeae. Where cowpea was included P. brachyurus was 

the only species to occur, while in sunflower CRSs P. zeae was the only species 

present. 
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Table 4.3: Prominence values (PV), mean population densities (MPD) and frequency of occurrences (FO %) of plant-parasitic nematode species identified from root (50- and 

5 g) samples collected at Buffelsvallei for the 2010/2011, 2011/2012, 2012/2013 and 2013/2014 growing seasons, from monoculture maize cropping systems as well as those 

with cowpea, pearl millet and sunflower, pearl millet included. 

Cropping sequence Nematode genus/species 2010/2011 2011/2012 2012/2013 2013/2014 

Roots (50 g)  PV MPD FO PV MPD FO PV MPD FO PV MPD FO 

MMMM/CTA Rotylenchulus parvus - - - 930 930 100 172 172 100 977 977 100 

 Meloidogyne javanica - - - 7 15 25 6 7 75 6 6 100 

              

MMMM/CA Rotylenchulus parvus - - - 2 491 2 491 100 620 620 100 1 720 1 720 100 

 Meloidogyne javanica - - - 10 15 50 6 7 75 6 6 100 

              

Maize, cowpea, pearl millet Rotylenchulus parvus - - - 1 276 1 276 100 130 130 100 1 700 1 700 100 

Meloidogyne javanica - - - 22 37 35 12 16 60 12 16 55 

              

Maize, sunflower, pearl millet Rotylenchulus parvus - - - 2 536 2 536 100 42 49 75 2 910 2 910 100 

Meloidogyne javanica - - - 40 61 42 5 332 6 157 75 19 23 67 

 
 2010/2011 2011/2012 2012/2013 2013/2014 

Roots (5 g)  PV MPD FO PV MPD FO PV MPD FO PV MPD FO 

MMMM/CTA Pratylenchus thornei 141 141 100 92 92 100 36 36 100 106 106 100 

 Pratylenchus zeae 21 21 100 14 14 100 7 10 50 15 15 100 

              

MMMM/CA Pratylenchus zeae 215 249 75 60 60 100 9 10 75 32 32 100 

              

Maize, cowpea, pearl millet Pratylenchus brachyurus 336 354 90 86 91 90 7 8 85 109 112 95 

              

Maize, sunflower, pearl millet Pratylenchus zeae 86 121 50 114 114 100 2 3 50 55 61 83 
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3.1.1.1.3 200-g soil samples 

A total of eight genera and seven species were identified for MMMM/CTA while the 

MMMM/CA fields had nine genera and seven species in total (Table 4.4). The 

cowpea and sunflower CRSs had 11 and nine genera each identified and 8 and 6 

species, respectively. For the MMMM/CTA Helicotylenchus dihystera (Cobb, 1893) 

Sher, 1961 was predominant followed by R. parvus. In the MMMM/CA, cowpea and 

sunflower CRSs Scutellonema brachyurus (Steiner, 1938) Andrássy, 1958 was the 

dominant plant-parasitic nematode species followed by R. parvus. For MMMM/CA, 

S. brachyurus and R. parvus dominated whereas in cowpea and sunflower CRSs S. 

brachyurus was predominant. 
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Table 4.4: Prominence values (PV), mean population densities (MPD) and frequency of occurrences (FO %) of plant-parasitic nematode species identified from rhizosphere 

soil (200 g) samples collected at Buffelsvallei for the 2010/2011, 2011/2012, 2012/2013 and 2013/2014 growing seasons, from monoculture maize cropping systems as well 

as those with cowpea, pearl millet and sunflower, pearl millet included. 

Cropping sequence Nematode genus/species 2010/2011 2011/2012 2012/2013 2013/2014 

  PV MPD FO PV MPD FO PV MPD FO PV MPD FO 

Soil (200 g)              

MMMM/CTA Helicotylenchus dihystera 5 094 5 094 100 1 256 1 256 100 687 687 100 828 828 100 

 Rotylenchulus parvus 1 475 1 475 100 185 185 100 235 235 100 437 437 100 

 Scutellonema brachyurus 1 415 1 415 100 349 349 100 191 191 100 230 230 100 

 Nanidorus minor 205 205 100 40 40 100 16 23 50 31 36 75 

 Pratylenchus thornei 125 125 100 15 17 75 18 18 100 120 120 100 

 Rotylenchus unisexus 142 142 100 35 35 100 19 19 100 23 23 100 

 Criconemoides 10 20 25 0 0 0 2 3 25 10 10 100 

 Longidorus pisi 0 0 0 0 0 0 3 7 25 0 0 0 

MMMM/CA Scutellonema brachyurus 3 397 3 397 100 1 355 1 355 100 496 496 100 487 487 100 

 Rotylenchulus parvus 2 190 2 190 100 570 570 100 313 313 100 700 700 100 

 Helicotylenchus dihystera 1 853 1 853 100 739 739 100 270 270 100 266 266 100 

 Nanidorus minor 330 330 100 90 90 100 20 23 75 27 31 75 

 Pratylenchus zeae 353 353 100 29 33 75 4 5 75 30 35 75 

 Pratylenchus thornei 72 72 100 6 7 75 1 1 75 6 7 75 

 Criconemoides 10 20 25 5 10 25 0 0 0 10 14 50 

 Longidorus pisi 0 0 0 5 10 25 0 0 0 0 0 0 

 Tylenchorhynchus 0 0 0 4 20 5 0 0 0 0 0 0 
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Table 4.4 continues              

Cropping sequence Nematode genus/species 2010/2011 2011/2012 2012/2013 2013/2014 

  PV MPD FO PV MPD FO PV MPD FO PV MPD FO 

Maize, cowpea, pearl millet Scutellonema brachyurus 1 335 1 335 100 842 842 100 629 629 100 597 597 100 

 Rotylenchulus parvus 963 1015 90 434 434 100 356 356 100 711 711 100 

 Helicotylenchus dihystera 360 570 40 94 148 40 124 197 40 122 193 40 

 Pratylenchus zeae 402 480 70 39 45 75 17 20 70 27 33 65 

 Rotylenchus unisexus 207 327 40 78 123 40 86 135 40 75 118 40 

 Nanidorus minor 222 248 80 65 71 85 15 22 45 64 128 25 

 Pratylenchus brachyurus 29 65 20 6 20 10 3 7 20 7 30 5 

 Tylenchorhynchus 13 40 10 2 10 5 0 0 0 0 0 0 

 Dorylaimellus 9 15 40 2 4 35 0.13 1 5 2 5 20 

 Longidorus pisi 0 0 0 3 10 10 1 3 15 2 7 10 

 Criconemoides 0 0 0 0 3 10 1 7 5 4 14 10 

Maize, sunflower, pearl millet Scutellonema brachyurus 3 472 3 472 100 1 526 1 526 100 420 420 100 1 064 1 064 100 

 Rotylenchulus parvus 1 245 1 245 100 669 669 100 208 208 100 1 153 1 153 100 

 Nanidorus minor 820 820 100 102 106 92 16 21 58 51 56 83 

 Pratylenchus zeae 103 113 83 26 30 75 14 16 83 15 16 83 

 Pratylenchus teres 56 61 83 14 16 75 8 9 83 8 9 83 

 Tylenchorhynchus 12 40 8 0 0 0 0 0 0 0 0 0 

 Criconemoides 6 20 8 5 10 25 2 7 8 0 0 0 

 Longidorus pisi 6 20 8 3 10 8 1 3 8 0 0 0 

 Dorylaimellus 5 9 33 2 4 33 0 0 0 1 2 33 
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3.1.2 Erfdeel 

3.1.2.1 Roots 

3.1.2.1.1 50-g root samples 

At Erfdeel, two plant-parasitic nematode genera and species, namely Meloidogyne 

incognita (Kofoid and White, 1919) Chitwood, 1949 and R. parvus were identified 

from the 50-g root samples (Table 4.5). Meloidogyne incognita was the predominant 

plant-parasitic nematodes present in the 50-g root samples for both the MMMM/CA 

and MMMM/CTA as well as the cowpea CRS. Although R. parvus was only present 

from the 2012/2013 season, a remarkable increase (10x) in PV values assigned to 

this species occurred for all of the different CRSs. 

 

3.1.2.1.2 5-g root samples 

Two plant-parasitic nematode genera and five species were identified from the 5-g 

root samples, namely M. incognita, P. brachyurus, Pratylenchus teres Khan and 

Singh, 1974, P. thornei and P. zeae (Table 4.5). Individuals from P. zeae were 

dominant in the MMMM/CTA fields, followed by P. teres. For the MMMM/CA P. 

brachyurus was dominant, followed by M. incognita. Where cowpea formed part of 

the CRS, P. teres was the dominant plant-parasitic nematode species, followed by P. 

brachyurus.  
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Table 4.5: Prominence values (PV), mean population densities (MPD) and frequency of occurrences (FO %) of plant-parasitic nematode species identified from root (50- and 

5 g) samples collected at Erfdeel for the 2010/2011, 2011/2012, 2012/2013 and 2013/2014 growing seasons, from monoculture maize cropping systems as well as those with 

cowpea and pearl millet. 

Cropping sequence Nematode species 2010/2011 2011/2012 2012/2013 2013/2014 

Roots (50 g)  PV MPD FO PV MPD FO PV MPD FO PV MPD FO 

MMMM/CTA Meloidogyne incognita 7 095 7 095 100 9 581 9 581 100 811 811 100 1327 1327 100 

 Rotylenchulus parvus       38 54 50 139 139 100 

              

MMMM/CA Meloidogyne incognita 1 319 1 319 100 15 586 15 586 100 2 573 2 573 100 2 281 2 281 100 

 Rotylenchulus parvus       115 132 75 294 294 100 

              

Maize, cowpea, pearl millet Meloidogyne incognita 4 519 4 519 100 9 729 9 729 100 948 948 100 5 596 5 596 100 

 Rotylenchulus parvus       20 32 40 760 824 85 

Roots (5 g)  2010/2011 2011/2012 2012/2013 2013/2014 

  PV MPD FO PV MPD FO PV MPD FO PV MPD FO 

MMMM/CTA Pratylenchus zeae 90 90 100 201 201 100 55 55 100 99 99 100 

 Pratylenchus teres 46 46 100 102 102 100 28 28 100 50 50 100 

 Pratylenchus thornei 34 34 100 76 76 100 21 21 100 37 37 100 

 Meloidogyne incognita 117 233 25 42 42 100 0 0 0 9 11 75 

              

MMMM/CA Pratylenchus brachyurus 70 70 100 489 489 100 260 260 100 140 140 100 

 Meloidogyne incognita 8 12 50 304 430 50 12 23 25 20 23 75 

 Pratylenchus teres 18 18 100 124 124 100 66 66 100 36 36 100 

 Pratylenchus zeae 8 8 100 59 59 100 31 31 100 17 17 100 

              

Maize, cowpea, pearl millet Pratylenchus teres 66 74 80 264 605 75 26 31 70 46 51 80 

 Pratylenchus brachyurus 64 86 55 159 215 55 38 52 55 23 31 55 

 Meloidogyne incognita 42 52 65 66 82 65 9 22 15 27 36 55 

 Pratylenchus zeae 7 11 40 18 31 35 4 7 30 3 5 40 
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3.1.2.1.3. 200-g soil samples 

A total of eight plant-parasitic nematode genera and species as well as one family 

were identified for the MMMM/CA and MMMM/CTA (Table 4.6). For the cowpea 

CRSs nine genera and species and one family were identified. For MMMM/CA and 

MMMM/CTA, Criconemoides sphaerocephalus Taylor, 1936 were dominant followed 

by Tylenchorhynchus goffarti Sturhan, 1966. Where cowpea was included, T. goffarti 

was predominant, followed by P. teres.  
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Table 4.6: Prominence values (PV), mean population densities (MPD) and frequency of occurrences (FO %) of plant-parasitic nematode species identified from rhizosphere 

soil (200 g) samples collected at Erfdeel for the 2010/2011, 2011/2012, 2012/2013 and 2013/2014 growing seasons, from monoculture maize cropping systems as well as 

those with cowpea and pearl millet included. 

Cropping sequence Nematode family/genus/species 2010/2011 2011/2012 2012/2013 2013/2014 

  PV MPD FO PV MPD FO PV MPD FO PV MPD FO 

Soil (200 g)              

MMMM/CTA Criconemoides sphaerocephalus 260 300 75 146 146 100 5 6 75 7 7 100 

 Tylenchorhynchus goffarti 40 80 25 150 150 100 0 0 0 4 7 25 

 Pratylenchus zeae 58 67 75 38 38 100 7 7 100 6 6 100 

 Pratylenchus teres 30 34 75 19 19 100 4 4 100 3 3 100 

 Meloidogyne incognita 10 20 25 35 35 100 3 7 25 5 10 25 

 Pratylenchus thornei 22 25 75 14 14 100 3 3 100 2 2 100 

 Nanidorus minor 10 20 25 15 15 100 2 3 25 5 10 25 

 Hoplolaimidae 0 0 0 5 7 50 2 3 25 2 3 50 

 Rotylenchulus parvus 0 0 0 0 0 0 0 0 0 2 3 50 

MMMM/CA Criconemoides sphaerocephalus 87 100 75 167 167 100 7 8 75 19 19 100 

 Tylenchorhynchus goffarti 28 40 50 136 136 100 0 0 0 2 3 50 

 Nanidorus minor 70 140 25 23 23 100 0 0 0 35 35 100 

 Meloidogyne incognita 70 140 25 30 30 100 5 6 75 2 3 50 

 Pratylenchus brachyurus 49 49 100 29 33 75 5 6 75 13 15 75 

 Pratylenchus zeae 4 4 100 38 38 100 0.7 1.4 25 1 2 50 

 Pratylenchus teres 12 12 100 7 8 75 1 1 75 3 4 75 

 Hoplolaimidae 0 0 0 0 0 0 6 8 50 2 3 25 

 Rotylenchulus parvus 0 0 0 3 7 25 2 3 25 0 0 0 
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Table 4.6 continues              

Cropping sequence Nematode family/genus/species 2010/2011 2011/2012 2012/2013 2013/2014 

  PV MPD FO PV MPD FO PV MPD FO PV MPD FO 

Maize, cowpea, pearl millet Tylenchorhynchus goffarti 73 87 70 200 205 95 0 0 0 17 26 40 

 Pratylenchus teres 79 98 65 61 73 70 4 5 60 25 33 60 

 Meloidogyne incognita 51 72 50 89 89 100 2 3 25 2 5 20 

 Criconemoides sphaerocephalus 35 63 30 53 55 95 6 8 65 11 12 75 

 Pratylenchus brachyurus 21 32 45 11 15 55 5 8 45 6 9 50 

 Nanidorus minor 19 31 35 7 10 45 2 5 10 5 10 30 

 Hoplolaimidae 0 0 0 17 31 30 4 6 35 2 4 25 

 Pratylenchus zeae 12 23 25 2 4 30 1 3 10 0.5 1 25 

 Rotylenchulus parvus 0 0 0 3 8 10 2 8 5 2 4 25 
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3.2 Plant-parasitic nematode interactions with the different cropping sequences 

(CRS) at Buffelsvallei and Erfdeel 

The correlation circles and factorial plans that were constructed using PCA statistics 

illustrate the composition of plant-parasitic nematodes and the different CRS planted 

for the different seasons. The two graphs are hence discussed in relation to one 

another for each factor (plant-parasitic nematodes vs. CRS included each seasons). 

The factors that plotted on the same side in both the correlation circle and factorial 

plan graphs indicate that high plant-parasitic nematode population levels occurred in 

those CRS. In contrast, factors that plotted on opposite sides of such graphs 

represent low nematode population densities for such CRS. The strongest factors 

are those that plotted furthest away from the centre of the F1 and F2 axis.  

 

3.2.1 50-g root samples 

3.2.1.1 Buffelsvallei 

3.2.1.1.1 Cowpea as part of cropping sequence 

Table 4.7: Summary of significant data (P ≤ 0.05) for Rotylenchulus parvus and Meloidogyne javanica 

population levels per 50 g roots from monoculture maize as well as cropping sequences (CRS) which 

included maize, cowpea and pearl millet for the different growing seasons at Buffelsvallei (2011-

2014).  

CRS
1
 Effects 

Rotylenchulus parvus Meloidogyne javanica 

F-value p-value F-value p-value 

Cowpea CRS 2011/2012 15.5 <0.0001 ns ns 

 CRS 2012/2013 4.6 <0.0001 ns ns 

 CRS 2013/2014 ns ns 2.6 0.05 

Interaction data CRS x season 7.8 <0.0001 ns ns 

CRS
1
 = cropping sequence which included monoculture maize (both CTA and CA) as well as rotations with maize, cowpea and 

pearl millet (Table 4.2); ns = no significant data obtained 
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3.2.1.1.1.1 Rotylenchulus parvus 

At Buffelsvallei significant differences in R. parvus population densities were evident 

among the cropping sequences (CRS) for the 2011/2012 and 2012/2013 growing 

seasons (Table 4.7; (Appendix III, Table 7). Rotylenchulus parvus egg numbers/50 g 

roots of cowpea were always significantly lower than those in roots of either maize 

(both CA and CTA) or pearl millet (CA) (Fig. 4.1B). This applied to the 2011/2012 

season, but not for the 2012/2013 season. During the latter season, CRS 4 and 6 

maintained similar R. parvus population densities in maize and pearl millet roots than 

that of cowpea in CRS 3 and 7 under CA. Significant CRS x season interaction was 

observed for R. parvus (Table 4.7).  

 

3.2.1.1.1.2 Meloidogyne javanica 

Although M. javanica eggs and J2 were also present in 50-g root samples at 

Buffelsvallei, population levels were very low and ranged from 1 to 37 (MPD, Table 

4.3). A significant difference was evident for M. javanica egg and J2 numbers/50-g 

roots between the different cropping sequences (CRS) for the 2013/2014 growing 

season (Table 4.7; (Appendix III, Table 7)). Maize planted in CRS 3 had significantly 

lower M. javanica population densities than cowpea included in CRS 4 (Fig. 4.1B). 

The CRS x season interaction was not significant.  
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Figs. 4.1A and 4.1B: Correlation circle (4.1A) and factorial plan (4.1B) illustrating the composition of Meloidogyne spp. and Rotylenchulus parvus in 50-g root samples 

collected at Buffelsvallei 100 days after planting during the growing seasons (2011-2014) from monoculture maize as well as crop systems which included maize, cowpea and 

pearl millet. The corresponding numbers (1-7) and letters refer to the different CRSs and crop planted for that season, where C = Cowpea, M = Maize and P = Pearl millet 

(4.1B): 1 = MMM/CTA; 2 = MMM/CA; 3 = MCM/CA; 4 = CMC/CA; 5 = CMP/CA; 6 = MPC/CA; 7 = PCM/CA.  
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3.2.1.1.2 Sunflower as part of cropping sequence 

Table 4.8: Summary of significant data (P ≤ 0.05) for Rotylenchulus parvus and Meloidogyne javanica 

population levels per 50 g roots from monoculture maize as well as cropping sequences (CRS) which 

included maize, sunflower and pearl millet for the different growing seasons at Buffelsvallei (2011-

2014).  

CRS
1
 Effects 

Rotylenchulus parvus Meloidogyne javanica 

F-value p-value F-value p-value 

Sunflower CRS 2011/2012 5.1 0.01 ns Ns 

 CRS 2012/2013 5.9 0.01 ns Ns 

 CRS 2013/2014 4.9 0.01 ns Ns 

Interaction data CRS x season 6.0 <0.0001 ns Ns 

CRS
1
 = cropping sequence which included monoculture maize (both CTA and CA) as well as rotations with maize, sunflower 

and pearl millet (Table 4.2); ns = no significant data obtained 

 

3.2.1.1.2.1 Rotylenchulus parvus 

Significant differences were evident for R. parvus between the CRS over different 

growing seasons for 50-g roots collected at Buffelsvallei (Table 4.8). During the 

2011/2012 growing season, roots of pearl millet in CRS 7 maintained significantly 

lower population levels than maize in CRS 3 (Fig. 4.2B; (Appendix III, Table 8)). 

Rotylenchulus parvus numbers also differed significantly with regard to the different 

CRS used during the 2012/2013 growing season. For the latter season sunflower 

(CRS 3) had significantly lower R. parvus population densities than maize (both CA 

and CTA). For the 2013/2014 growing season, sunflower that was included in CRS 6 

maintained lower R. parvus population densities than maize in CRS 3. Significant 

differences were evident among the different seasons, while a significant CRS x 

season interaction also existed (Table 4.8).  

 

3.2.1.1.2.2 Meloidogyne javanica 

No significant differences were recorded for M. javanica population densities 

between the different CRS in all seasons, while no interaction was evident for CRS x 

season (Table 4.8).  
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Figs. 4.2A and 4.2B: A correlation circle (4.2A) and factorial plan (4.2B) illustrating the composition of Meloidogyne spp. and Rotylenchulus parvus in 50-g root samples 

collected at Buffelsvallei 100 days after planting during the growing seasons (2011-2014) from monoculture maize as well as crop systems which included maize, sunflower 

and pearl millet. The corresponding numbers (1-7) and letters refer to the different CRSs and crop planted for that season, where M = Maize, P = Pearl millet and S = 

Sunflower; (4.2B): 1 = MMM/CTA; 2 = MMM/CA; 3 = MSM/CA; 6 = MPS/CA; 7 = PSM/CA.  
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3.2.1.2 Erfdeel 

Table 4.9: Summary of significant data (P ≤ 0.05) for Meloidogyne incognita and Rotylenchulus 

parvus population levels per 50 g roots from monoculture maize as well as cropping sequences 

(CRS) which included maize, cowpea and pearl millet for the different growing seasons at Erfdeel 

(2011-2014).  

CRS
1
 Effects 

Meloidogyne incognita. Rotylenchulus parvus 

F-value p-value F-value p-value 

Cowpea CRS 2010/2011 ns - ** ** 

 CRS 2011/2012 8.8 <0.0001 ** ** 

 CRS 2012/2013 ns Ns ns ns 

 CRS 2013/2014 ns Ns ns ns 

      

 Season 9.2 <0.0001 47.8 <0.0001 

Interaction data Season x CRS 4.4 <0.0001 ns ns 

**No Rotylenchulus spp. were present in samples; CRS
1
 = include monoculture maize (both CTA and CA) and rotations with 

maize, cowpea and pearl millet (Table 4.2); ns = no significant data obtained 

 

3.2.1.2.1 Meloidogyne incognita 

Significant differences were evident for M. incognita at Erfdeel with regard to the 

different CRS for the 2011/2012 growing season only (Table 4.9). Meloidogyne 

incognita eggs and J2 were significantly lower in roots of cowpea than in roots of 

maize (both CA and CTA) and pearl millet (CA) during the latter season (Fig. 4.3B; 

(Appendix III, Table 9)). Significant differences were evident for to the different 

seasons for M. incognita population densities, while a significant interaction also 

existed for season x CRS (Table 4.5). Cowpea (CRS 4) planted in the 2012/2013 

season had significantly lower M. incognita egg and J2 numbers/50g roots than 

maize (CRS 4) during the 2011/2012 season. Similarly, cowpea (CRS 5) grown 

during 2012/2013 had significantly lower M. incognita egg and J2 numbers than 

pearl millet (CRS 5) during the 2011/2012 season. Maize (CRS 2), grown during the 

2010/2011 season also had significantly lower egg and J2 nematode numbers than 

maize (CRS 2) that was grown during the 2011/2012 growing season. 

 

3.2.1.2.2 Rotylenchulus parvus 

No significant differences were observed between the different CRS during each of 

the seasons, while no interaction was also evident for CRS x seasons concerning R. 

parvus population densities (Table 4.9). However, significant differences were 
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evident for the CRSs between the different seasons (Fig. 4.3B; (Appendix III, Table 

9)). For the 2012/2013 growing season, inclusion of cowpea (CRS 4) resulted in 

significantly lower R. parvus population densities than those of maize (CRS 4) that 

was included for the 2013/2014 season (Fig. 4.3B). Similar scenarios were evident 

for cowpea (CRS 5), which had been included in the 2012/2013 season and had 

lower nematode population densities than those of maize (CRS 5) in the 2013/2014 

season. Furthermore, CRS 7 which had pearl millet included during the 2012/2013 

growing season also maintained significantly lower nematode population densities 

than cowpea (CRS 7) in the 2013/2014 season.  
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Figs. 4.3A and 4.3B: Correlation circle (4.3A) and factorial plan (4.3B) illustrating the composition of Meloidogyne incognita and Rotylenchulus parvus in 50-g root samples 

collected at Erfdeel 100 days after planting during the growing seasons (2011-2014) from monoculture maize as well as crop systems which included maize, cowpea and 

pearl millet. The corresponding numbers (1-7) and letters refer to the different CRSs and crop planted for that season, where C = Cowpea, M = Maize and P = Pearl millet; 

(4.3B): 1 = MMMM/CTA; 2 = MMMM/CA; 3 = MCMC/CA; 4 = CMCM/CA; 5 = MPCM/CA; 6 = PCMP/CA; 7 = CMPC/CA. 
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3.2.2 5-g root samples 

3.2.2.1 Buffelsvallei 

3.2.2.1.1 Cowpea as part of cropping sequence 

Table 4.10: Summary of significant data (P ≤ 0.05) for Pratylenchus spp. population levels per 5 g 

roots from monoculture maize as well as cropping sequences (CRS) which included maize, cowpea 

and pearl millet for the different growing seasons at Buffelsvallei (2011-2014). 

CRS
1
 Effects 

Pratylenchus spp. 

F-value p-value 

Cowpea CRS 2011/2012 4.5 <0.0001 

 CRS 2013/2014 3.8 0.01 

    

Interaction data CRS x season 1.8 0.05 

CRS
1
 = include monoculture maize (both CTA and CA) and rotations with maize, cowpea and pearl millet (Table 4.2)  

 

3.2.2.1.1.1 Pratylenchus spp. 

At the Buffelsvallei locality, significant differences occurred between the different 

CRS during both the 2011/2012 and 2013/2014 seasons for Pratylenchus spp. 

(Table 4.10). Population densities of Pratylenchus spp./5 g roots of cowpea were 

significantly lower in the 2011/2012 and 2013/2014 seasons than those of maize (CA 

and CTA) (Fig. 4.4B; (Appendix III, Table 10)). A significant interaction also existed 

between CRS and season (Table 4.10).  
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Figs. 4.4A and 4.4B: Correlation circle (4.4A) and factorial plan (4.4B) illustrating the composition of plant-parasitic nematodes in 5-g root samples collected at Buffelsvallei 

100 days after planting during the growing seasons (2011-2014) from monoculture maize as well as cropping sequences which included maize, cowpea and pearl millet. The 

corresponding numbers (1-7) and letters refer to the different CRSs and crop planted for that season, where C = Cowpea, M = Maize and P = Pearl millet; (4.4B): 1 = 

MMMM/CTA; 2 = MMMM/CA; 3 = CMCM/CA; 4 = MCMC/CA; 5 = PCMP/CA; 6 = CMPC/CA; 7 = MPCM/CA.  
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3.2.2.1.2 Sunflower as part of the cropping sequence 

Table 4.11: Summary of significant data (P ≤ 0.05) for Pratylenchus spp. population levels per 5 g 

roots from monoculture maize as well as cropping sequences (CRS) which included maize, sunflower 

and pearl millet for the different growing seasons at Buffelsvallei (2011-2014). 

CRS
1
 Effects 

Pratylenchus spp. 

F-value p-value 

Sunflower CRS 2010/2011 6.6 <0.0001 

 CRS 2012/2013 5.0 0.01 

 CRS 2013/2014 8.2 <0.0001 

    

Interaction data CRS x season 4.2 <0.0001 

CRS
1
 = include monoculture maize (both CTA and CA) and rotations with maize, sunflower and pearl millet (Table 4.2) 

 

3.2.2.1.2.1 Pratylenchus spp. 

Significant differences were evident for Pratylenchus spp. between the CRS during 

the respective growing seasons at Buffelsvallei (Table 4.11). Pratylenchus spp. 

population levels/5 g roots of sunflower were significantly lower in the 2010/2011, 

2012/2013 and 2013/2014 seasons than those of maize (CA and CTA) (Fig. 4.5B; 

(Appendix III, Table 11)). Significant differences also occurred among the different 

seasons with regard to Pratylenchus spp. population densities/5g roots, while a 

significant CRS x season interaction was also observed (Table 4.11). Maize (CRS 2) 

in the 2012/2013 growing season also maintained lower Pratylenchus spp. 

population levels than maize (CRS 2) that was grown in the 2010/2011 season (Fig. 

4.5B)  
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Figs. 4.5A and 4.4B: A correlation circle (4.5A) and factorial plan (4.5B) illustrating the composition of plant-parasitic nematodes in 5-g root samples collected at Buffelsvallei 

(A) 100 days after planting during the growing seasons (2011-2014) from monoculture maize as well as cropping sequences which included maize, sunflower and pearl millet. 

The corresponding numbers (1-7) and letters refer to the different CRSs and crop planted for that season, where M = Maize, P = Pearl millet and S = Sunflower; (4.5B): 1 = 

MMMM/CTA; 2 = MMMM/CA; 3 = SMSM/CA; 6 = SMPS/CA; 7 = MPSM/CA.  
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3.2.2.2 Erfdeel 

Table 4.12: Summary of significant data (P ≤ 0.05) for Pratylenchus spp. population levels per 5 g 

roots from monoculture maize as well as cropping sequences (CRS) which included maize, cowpea 

and pearl millet for the different growing seasons at Erfdeel (2011-2014). 

CRS
1
 Effects 

Pratylenchus spp. 

F-value p-value 

Cowpea CRS 2010/2011 3.3 0.02 

 CRS 2011/2012 7.1 <0.0001 

 CRS 2012/2013 4.5 <0.0001 

 CRS 2013/2014 5.8 <0.0001 

    

Interaction data Season x CRS 7.4 <0.0001 

CRS
1
 = include monoculture maize (both CTA and CA) and rotations with maize, cowpea and pearl millet (Table 4.2) 

 

3.2.2.2.1 Pratylenchus spp. 

At Erfdeel, significant differences were evident for Pratylenchus spp. population 

densities/5 g roots between the CRS for all four the seasons (Table 4.12). 

Pratylenchus spp. population levels in roots of cowpea were significantly lower than 

those of maize (CA and CTA) and pearl millet (CA) (Fig. 4.6A; Appendix III, Table 

12). A significant interaction also existed for CRS x season (Table 4.12). Pearl millet 

(CRS 7) in the 2012/2013 season also had significantly lower Pratylenchus spp. 

population levels/5 g roots than maize (CRS 7) in the 2011/2012 season. 
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Figs. 4.6A and 4.6B: Correlation circle (4.6A) and factorial plan (4.6B) illustrating the composition of plant-parasitic nematodes in 5-g root samples collected at Erfdeel (D) 100 

days after planting during the growing seasons (2011-2014) from monoculture maize as well as cropping sequences which included maize, cowpea and pearl millet. The 

corresponding numbers (1-7) and letters refer to the different CRSs and crop planted for that season, where C = Cowpea, M = Maize and P = Pearl millet; (4.6B): 1 = 

MMMM/CTA; 2 = MMMM/CA; 3 = MCMC/CA; 4 = CMCM/CA; 5 = MPCM/CA; 6 = PCMP/CA; 7 = CMPC/CA. 
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3.2.3 200-g soil samples 

Due to the extent of the data generated, only those obtained for the three plant-

parasitic nematodes species what dominated in the soil samples at each of the two 

localities are discussed below. 

 

3.2.3.1 Buffelsvallei 

3.2.3.1.1 Cowpea as part of the cropping sequence 

Table 4.13: Summary of significant (P ≤ 0.05) for plant-parasitic nematode population levels per 200 g 

soil from monoculture maize as well as cropping sequences which included maize, cowpea and pearl 

millet for the different growing seasons at Buffelsvallei (2011-2014).  

CRS
1
 Effects 

Scutellonema 
brachyurus 

Rotylenchulus 
parvus 

Helicotylenchus 
dihystera 

F-value p-value F-value p-value F-value p-value 

Cowpea CRS 2010/2011 6.1 <0.0001 2.7 0.04 99.7 <0.0001 

 CRS 2011/2012 12.5 <0.0001 4.6 <0.0001 53.9 <0.0001 

 CRS 2012/2013 12.3 <0.0001 ns ns 269.4 <0.0001 

 CRS 2013/2014 22.4 <0.0001 9.6 <0.0001 229.0 <0.0001 

        

Interaction data CRS x season 11.8 <0.0001 2.9 <0.0001 83.3 <0.0001 

CRS
1
 = include monoculture maize (both CTA and CA) and rotations with maize, cowpea and pearl millet (Table 4.2); ns = no 

significant data obtained 

 

3.2.3.1.1.1 Scutellonema brachyurus 

Significant differences occurred between the different CRS for the all four seasons 

for S. brachyurus population levels/200 g soil (Table 4.13). Scutellonema brachyurus 

population levels/200 g soil from cowpea was always significantly lower than those in 

soils of either maize (both CA and CTA) or pearl millet (CA) (Fig. 4.7B; Appendix III, 

Table 13). This phenomenon was evident for all seasons. A significant CRS x 

season interaction, with regard to S. brachyurus population densities, was also 

evident (Table 4.13).  

 

3.2.3.1.1.2 Rotylenchulus parvus 

Significant differences was evident between the different CRS for the 2010/2011, 

2011/2012 and 2013/2014 growing seasons with regard to R. parvus population 

densities/200 g soil samples (Table 4.13). Numbers of this species in soil 

rhizosphere samples from cowpea were always significantly lower than those of 

either maize (both CA and CTA) or pearl millet (CA) (Fig. 4.7B; (Appendix III, Table 

13)). A significant CRS x season interaction was also evident for R. parvus (Table 
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4.13). For CRS 4, in which maize (2010/2011) was included, significantly lower R. 

parvus population densities were recorded than for maize grown in the 2011/2012 

(CRS 3 & 6) and 2013/2014 (CRS 3 & 7) seasons (Fig. 4.7B). Also, CRS 4 and 5 

which both had cowpea included as part of the rotation in the 2011/2012 season had 

significantly lower nematode numbers than CRS 2 which had maize included during 

the 2010/2011 season.  

 

3.2.3.1.1.3 Helicotylenchus dihystera 

Significant differences were evident between H. dihystera population levels and the 

different CRS for all four seasons (2010/2014) (Table 4.13; (Appendix III, Table 14)). 

Numbers of this spiral nematode/200 g soil were always higher than those in either 

maize (CA) or pearl millet (CA) (Fig. 4.7B). This applied for all seasons. A significant 

interaction for CRS x seasonal effect was also evident for H. dihystera (Table 4.13).  
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Figs. 4.7A and 4.7B: Correlation circle (4.7A) and factorial plan (4.7B) illustrating the composition of plant-parasitic nematodes in 200-g soil samples collected at Buffelsvallei 

100 days after planting during the growing seasons (2011-2014) from monoculture maize as well as cropping sequences which included maize, cowpea and pearl millet. The 

corresponding numbers (1-7) and letters refer to the different CRSs and crop planted for that season, where C = Cowpea, M = Maize and P = Pearl millet; (4.7B): 1 = 

MMMM/CTA; 2 = MMMM/CA; 3 = CMCM/CA; 4 = MCMC/CA; 5 = PCMP/CA; 6 = CMPC/CA; 7 = MPCM/CA. 
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3.2.3.1.2 Sunflower as part of the cropping sequence 

Table 4.14: Summary of significant data (P ≤ 0.05) for plant-parasitic nematode population levels in 

200 g soil at Buffelsvallei from monoculture maize as well as cropping sequences which included 

maize, sunflower and pearl millet for the different growing seasons (2011-2014).  

CRS
1
 Effects 

Scutellonema 
brachyurus 

Rotylenchulus 
parvus 

Nanidorus minor 

F-value p-value F-value p-value F-value p-value 

Sunflower CRS 2010/2011 ns ns 14.9 <0.0001 3.4 0.04 

 CRS 2011/2012 4.4 0.02 4.0 0.02 ns ns 

 CRS 2012/2013 ns ns ns ns ns ns 

 CRS 2013/2014 12.5 <0.0001 8.7 <0.0001 ns ns 

        

 CRS 5.2 0.01 8.5 <0.0001 ns ns 

 Season 19.5 <0.0001 12.3 <0.0001 9.5 <0.0001 

Interaction data CRS x season 2.4 0.02 6.3 <0.0001 ns ns 

CRS
1
 = include monoculture maize (both CTA and CA) and rotations with maize, sunflower and pearl millet (Table 4.2); ns = no 

significant data obtaine
d
 

 

3.2.3.1.2.1 Scutellonema brachyurus 

Significant differences occurred for S. brachyurus/200 g soil between the different 

CRS during the 2011/2012 and 2013/2014 seasons (Table 4.14; (Appendix III, Table 

15)). Numbers of S. brachyurus in CTA maize soil samples were significantly lower 

during the 2010/2011 and 2013/2014 seasons compared to those for the other two 

seasons (Fig. 4.8B). A significant CRS x season interaction was also evident for S. 

brachyurus (Table 4.14).  

 

3.2.3.1.2.2 Rotylenchulus parvus 

Significant differences occurred for R. parvus population levels present in 200-g soil 

samples between the different CRS in the 2010/2011, 2011/2012 and 2013/2014 

growing seasons (Table 4.14; (Appendix III, Table 15)). Numbers of R. parvus/200 g 

soil from sunflower plants were always significant lower than those of either maize 

(both CA and CTA) or pearl millet (CA) (Fig. 4.8B). A significant CRS x season 

interaction was also evident for R. parvus (Table 4.14).  

 

3.2.3.1.2.3 Nanidorus minor 

A significant difference was evident among the CRS for the 2010/2011 growing 

season with regard to N. minor population levels present in 200-g soil samples 

(Table 4.14). Maize grown in CRS 2 in the 2010/2011 season had significantly lower 
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N. minor population levels than CRS 6 in which sunflower were included (Fig. 4.8B). 

Significant differences were also observed among the different seasons with regard 

to N. minor population levels present in 200-g soil samples (Table 4.14). Maize 

(CTA), sunflower and pearl millet which were included in the 2012/2013 season had 

significantly lower N. minor population levels than maize (CTA) and sunflower in the 

2010/2011 season (Appendix III, Table 16). No CRS x season interaction existed for 

N. minor population densities. 
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Figs.4.8A and 4.8B: A correlation circle (4.8A) and factorial plan (4.8B) illustrating the composition of plant-parasitic nematodes in 200-g soil samples collected at Buffelsvallei 

(A) 100 days after planting during the growing seasons (2011-2014) from monoculture maize as well as cropping sequences which included maize, sunflower and pearl millet. 

The corresponding numbers (1-7) and letters refer to the different CRSs and crop planted for that season, where M = Maize, P = Pearl millet and S = Sunflower; (4.8B): 1 = 

MMMM/CTA; 2 = MMMM/CA; 3 = SMSM/CA; 6 = SMPS/CA; 7 = MPSM/CA. 
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3.2.3.2 Erfdeel 

Table 4.15: Summary of significant data (P ≤ 0.05) for plant-parasitic nematode population levels per 

200 g soil from monoculture maize as well as cropping sequences which included maize, cowpea and 

pearl millet for the different growing seasons at Erfdeel (2011-2014).  

CRS
1
 Effects 

Criconemoides 
sphaerocephalus 

Tylenchorhynchus 
goffarti 

Pratylenchus spp. 

F-value p-value F-value p-value F-value p-value 

Cowpea CRS 2011/2012 ns ns 5.6 <0.0001 4.3 0.01 

 CRS 2012/2013 ns ns ns ns 2.6 0.05 

 CRS 2013/2014 ns ns ns ns 3.0 0.03 

        

 Season 15.5 ns 50.0 <0.0001 15.5 <0.0001 

Interaction data CRS x season ns ns ns ns 3.3 <0.0001 

CRS
1
 = include monoculture maize (both CT and CA) and rotations with maize, cowpea and pearl millet (Table 4.2ns = no 

significant data obtaine
d
 

 

3.2.3.2.1 Criconemoides sphaerocephalus 

No significant differences (P > 0.05) were evident between the different CRS during 

the different growing seasons for C. sphaerocephalus /200-g soil samples, with no 

significant interaction for CRS x season (Table 4.15).  

 

3.2.3.2.2 Tylenchorhynchus goffarti 

A significant difference was evident for T. goffarti population levels/200 g soil 

between the CRS during the 2011/2012 season (Table 4.15; (Appendix III, Table 

17)). Cowpea (CRS 6) that was included during the latter season had significantly 

lower T. goffarti population levels than CRS where maize (both CTA and CA) and 

pearl millet (CA) were included (Fig. 4.9B). Significant differences (P ≤ 0.05) also 

occurred between the different seasons for T. goffarti population densities (Table 

4.15). Maize (both CTA and CA) and pearl millet (CA) in the 2011/2012 season had 

significantly higher T. goffarti population levels than maize (both CTA and CA) and 

cowpea (CA) in the 2013/2014 season (Fig. 4.9B). No significant interaction for CRS 

x season was evident for this nematode pest. 

 

3.2.3.2.3 Pratylenchus spp. 

At Erfdeel, significant differences were evident for Pratylenchus spp. population 

densities/200 g soil between the different CRS during the 2011/2012, 2012/2013 and 

2013/2014 growing seasons (Table 4.15; (Appendix III, Table 18)). Pratylenchus 

spp. numbers in soil of cowpea plants were always significantly lower than those in 
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soil of either maize (both CA and CTA) or pearl millet roots (CA) (Fig. 4.9B). A 

significant interaction for CRS x season was also evident for Pratylenchus spp. 

(Table 4.15). Maize (CRS 3) in the 2010/2011 season had significantly higher 

Pratylenchus spp. population densities than maize and cowpea which were both 

included in CRS 3 during the 2012/2013 and 2013/2014 seasons (Fig. 4.9B). 

Furthermore, at the end of the 2012/2013 growing season cowpea soil samples 

(CRS 5) also had significantly lower Pratylenchus spp. population densities than 

pearl millet (CRS 5), which was included in the 2011/2012 season. 
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Figs. 4.9A and 4.9B: Correlation circle (4.9A) and factorial plan (4.9B) illustrating the composition of plant-parasitic nematodes in 200-g soil samples collected at Buffelsvallei 

100 days after planting during the growing seasons (2011-2014) from monoculture maize as well as cropping sequences which included maize, cowpea and pearl millet. The 

corresponding numbers (1-7) and letters refer to the different CRSs and crop planted for that season, where C = Cowpea, M = Maize and P = Pearl millet; (4.9B): 1 = 

MMMM/CTA; 2 = MMMM/CA; 3 = MCMC/CA; 4 = CMCM/CA; 5 = MPCM/CA; 6 = PCMP/CA; 7 = CMPC/CA. 
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4. Discussion and conclusions 

From the 11 plant-parasitic nematode species identified at Buffelsvallei in 

association with maize-based cropping systems, R. parvus was the predominant 

nematode pest present in 50-g root samples, followed by M. javanica. The 

occurrence of eggs of both Meloidogyne and Rotylenchulus as a result of using the 

NaOCl method has been reported for the first time during this study (see Chapter 2, 

Section 1). Rotylenchulus reniformis eggs and J2 are, however, extracted routinely 

using the NaOCl-method for green house and field trials were this species occurs as 

monoculture populations (Davis & Webster, 2005; Moore, 2012; Russi, 2012).  

 

Rotylenchulus parvus is omnipresent in local maize-based cropping systems (Keetch 

& Buckley, 1984; De Waele & Jordaan, 1988a; Bolton et al., 1989; Jordaan et al., 

1992; Kleynhans et al., 1996; Fourie et al., 2001; Ntidi et al., 2012; Marais & Swart, 

2015). Population levels of R. parvus were, however, reported as being relatively low 

in local soils and its pathogenicity to local agri- and/or horticultural crops is not 

known (Louw, 1982). Nonetheless, De Waele and Jordaan (1988a) highlighted the 

low population densities of this nematode pest in maize roots opposed to its relative 

high incidence of occurrence in soil samples. The use of the adapted NaOCl method 

together with the attentiveness of the author of this study, who identified „large‟ eggs 

as belonging to Meloidogyne and „small‟ eggs to Rotylenchulus (see Chapter 2) 

generated novel information that explain why high population levels of R. parvus 

might have eluded researchers. High R. parvus population levels recorded in crop 

roots in this study hence warrants further investigation with regard to its potential as 

a nematode pest that may pose a risk to maize producers. This species is also 

present in agricultural soils in other African countries such as the Ivory Coast, Kenya, 

Malawi, Mauritius, Mozambique, Zaire, Zambia and Zimbabwe (Dasgupta & Raski, 

1968; Germani, 1978; Louw, 1982; Keetch & Buckley, 1984; Van den Oever & 

Mangane, 1992; Kleynhans et al., 1996) as well as in the USA (Robinson et al., 

1997), India (Bajaj and Bhatti, 1987) and Australia (Colbran, 1964).  

 

When comparing the two agricultural practices (CA vs. CTA) with regard to 

nematode diversity as well as population densities, conspicuous trends were evident 

for the predominant plant-parasitic species. For example, where cowpea was 

included in the cropping sequences, the fields under CA generally had substantial 
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lower (not significantly) R. parvus and Pratylenchus spp. population levels in root 

samples (50 and 5 g, respectively) compared to those for CTA monoculture maize. 

The same trend was evident when sunflower was used as a rotation crop. Numerous 

studies report reduced plant-parasitic nematode population densities as a result of 

rotation with different crops and/or non-host crops (Cabanillas et al., 1999; Johnson 

et al., 2000; Fortnum et al., 2001; Noel & Wax, 2003; Donald et al., 2009). 

Differences with regard to plant-parasitic nematode species diversity also existed 

between the two agricultural practices. Numerous examples of this phenomenon 

were found and are referred to below where 5-g root nematode data are discussed. 

No explanation can, however, be given at this stage for these specific nematode-

crop relationships. 

 

Interestingly, Meloidogyne spp. population levels in 50-g root samples did not differ 

significantly between the two agricultural practices at both Buffelsvallei and Erfdeel. 

In contrast to the dominance of R. parvus at Buffelsvallei, M. incognita was the most 

abundant species in 50-g root samples at Erfdeel. Meloidogyne incognita is known 

as one of the major root-knot nematode species that parasitizes maize in local 

production areas (Riekert, 1996; Riekert & Henshaw, 1998; Bekker et al., 2007; 

Fourie et al., 2011). The predominance of this root-knot nematode species at the 

Erfdeel trial site thus complements earlier research conducted in maize production 

areas. Interestingly, however, was that M. javanica was dominated by R. parvus at 

Buffelsvallei. This phenomenon is, however, in agreement with results from the 

survey (Chapter 3) for 10 of the 12 maize fields sampled. Nevertheless, M. javanica 

population levels were significantly higher than those of R. parvus at this trial site 

only during the 2012/2013 season in sunflower, but not in cowpea roots. This is most 

probably due to the superior host status of the sunflower cv. PAN 7049 to M. 

javanica (Pretorius et al., 2014, Steenkamp et al., 2015). However, no indication of 

the host suitability of cowpea cv. Betchuana White for Meloidogyne javanica could 

be found in literature.  

 

Results from this study showed that whenever cowpea or sunflower was included as 

part of the cropping sequence, significant decreases occurred in plant-parasitic 

nematode population densities over the four seasons that the study was conducted. 

This is demonstrated for Buffelsvallei where a significant decrease in R. parvus 
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population levels occurred in both the 50-g root and 200-g soil samples. At Erfdeel, 

M. incognita population densities present in the 50-g root and 200-g soil samples 

were also significantly lower when cowpea was grown. This significant decrease in 

M. incognita numbers in cowpea at Erfdeel, however, in contrast to some earlier 

reports. Riekert & Henshaw (1998) reported that cowpea (cv. Glenda) when included 

in a rotation system with maize had significantly higher Meloidogyne spp. population 

levels. A possible reason for this difference regarding cowpea and Meloidogyne spp. 

could be the difference in cultivars used at both trial sites and/or the presence of 

mixed Meloidogyne spp. (M. incognita and M. javanica) population compared to a 

monoculture M. incognita population present at Erfdeel. Results from a study done 

by Leswifi & Fourie (2005), where different cowpea cultivars were screened against 

M. incognita race 2 also showed that cv. Glenda was susceptible to this nematode 

pest while Betchuana White was a poor host. 

 

Abundance of migratory endoparasitic nematodes, Pratylenchus spp., in 5-g root 

samples in this study is in agreement with reports by various authors (De Waele & 

Jordaan, 1988a; Bolton et al., 1989; Mc Donald & Van den Berg, 1993; Bekker et al., 

2007; Fourie et al., 2011). However, Pratylenchus spp. identified as a result of this 

study yielded interesting information. For example, P. thornei was only identified in 5-

g roots collected from the monoculture maize under CTA at both trial sites, while P. 

zeae dominated in the two monoculture maize systems as well as in maize, 

sunflower and pearl millet cropping sequences at Buffelsvallei. This is in agreement 

with earlier reports stating that sunflower, maize, grain sorghum and pearl millet are 

commonly parasitized by P. zeae (Mc Donald & De Waele, 1987; Bolton & De 

Waele, 1989; De Waele et al., 1998). Pratylenchus brachyurus on the other hand 

was only present in maize, cowpea and pearl millet sequences. These crops are also 

known to be parasitized by P. brachyurus, with results of this study being in 

agreement with findings by Keetch & Buckley (1984), Bolton & De Waele (1989), Mc 

Donald & Van den Berg (1993), Riekert (1996), De Waele et al.(1998) and Fourie et 

al. (2001). A possible reason for the lower population densities of P. brachyurus at 

Erfdeel might, however, be due to the preference of this species for soils with higher 

clay content (Jordaan et al., 1989). At Erfdeel P. teres was the predominant lesion-

nematode identified, which is a noteworthy observation since P. brachyurus and P. 

zeae are considered the most common and dominant lesion nematodes associated 



170 

with local maize-based crop production systems (Mc Donald & Van den Berg, 1993; 

Riekert, 1996; Fourie et al., 2015; Marais & Swart, 2015). Pratylenchus teres were 

also identified in the Vaalharts Irrigation Scheme (Northern Cape Province, South 

Africa) as the predominant species of tobacco and cotton (Van Biljon et al., 2015), 

while it was also associated with soybean (Fourie et al., 2001) in this area. Similar to 

observations made for M. javanica, Pratylenchus spp. had lower population densities 

when both cowpea and sunflower was included in the CA trials of this study. Bolton 

& De Waele (1989) also observed that sunflower roots maintained lower P. zeae 

numbers than both maize and grain sorghum.  

 

Concerning other commonly known plant-parasitic nematodes that occurred in soil 

samples of the two trial sites, S. brachyurus, H. dihystera and N. minor associated 

with maize, sunflower, cowpea and pearl millet are in agreement with earlier reports 

(De Waele et al., 1989; Bolton & De Waele, 1989; Bolton et al., 1989; De Waele et 

al., 1998; Marais & Swart, 2015). Interestingly, S. brachyurus, H. dihystera and N. 

minor that were predominant at Buffelsvallei in cowpea rhizosphere soil samples 

were significantly lower in abundance in the maize and pearl millet rhizosphere soil 

samples, irrespective of seasons. The same scenario was apparent for sunflower 

which had significantly lower S. brachyurus numbers. The lower population levels of 

S. brachyurus under sunflower cultivation is in agreement with earlier reports by 

Bolton et al. (1989) who observed the same scenario during a study on plant-

parasitic nematodes associated with sunflower in South Africa. However N. minor 

numbers declined significantly, regardless of the crop grown in the different cropping 

sequences over the duration of this study and cannot be explained at this stage.  

 

In terms of seasonal effects, significant differences between the different seasons 

and the plant-parasitic nematode population levels at the two localities warrant 

further discussion. During the 2012/2013 season significant decreases in nematode-

pest population levels occurred at both the CA-trial sites. A possible explanation for 

this decline in numbers is most probably the below average rainfall (approximately 

308 mm from planting to nematode sampling) experienced during this season. 

Environmental conditions, such as rain and soil moisture are known to affect soil 

nematode population levels significantly (Hánĕl, 2003; Curtis et al., 2009). This 

decrease in nematode-pest population levels occurred in all the cropping sequences 
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regardless of the cultivation method. The various significant interactions obtained 

during this study for CRS x seasons furthermore complicates the situation. Results 

from this study indicated that when cowpea and sunflower, in particular, were 

included in the CA CRS it had a remarkable effect in reducing R. parvus numbers 

over the four seasons of this study. Similar effects were also observed for 

Pratylenchus spp. population densities, with a decline in their numbers when cowpea 

(both Buffelsvallei and Erfdeel) and sunflower were included in the CA CRSs. 

Furthermore, S. brachyurus and H. dihystera population densities present at 

Buffelsvallei were also reduced when cowpea was included. Hence, except for the 

strong indication that environmental conditions played, CRS also contributed in 

reducing the population densities of predominant nematode pests. Other abiotic and 

biotic factors (not known at this stage) are also accepted have contributed to such a 

scenario. 

 

This study showed that the effects of CA on plant-parasitic nematode populations 

are useful and valuable since this kind of data are limited and fragmented for South 

Africa. Even worldwide, where CA has been implemented for many years, nematode 

results are conflicting (Cabanillas et al., 1999). Ultimately, results of this study 

demonstrated that differences in plant-parasitic nematode assemblages existed 

between maize fields under CA and CTA practices. Factors other than cultivation 

and CRS are proposed to have contributed towards this scenario with low rainfall 

during one of the seasons most probably having a major effect. Therefore, the 

generation of plant-parasitic nematode data over a longer period as was represented 

by this study are important. This data will be useful in providing indications as to the 

factors that need to be addressed to restore soil quality and eventually sustainable 

crop productivity.  
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CHAPTER 5 

 

Effect of conservation and conventional agriculture on terrestrial, non-

parasitic nematode population levels: A comparative study  

 

Abstract 

One of the main aims of conservation agriculture (CA) is the improvement of soil 

quality. This can be done by increasing population levels and/or the diversity of 

beneficial organisms, including non-parasitic nematodes. The main objective of the 

study was to determine the identity of non-parasitic nematodes and monitor changes 

in their abundance and diversity over four growing seasons in both CA and 

conventional (CTA) agricultural systems at two rain-fed field trial sites, Buffelsvallei 

(sandy-loam soil) and Erfdeel (sandy soil). At these sites, CA and CTA maize 

monoculture were practised, while maize was also rotated with cowpea, pearl millet 

and sunflower in different crop-sequence combinations. Rhizosphere soil samples 

for nematode analyses were obtained during each growing season from all plots at 

as well as 60 and 100 days after planting. At Buffelsvallei, 31 non-parasitic 

nematode genera and two families were identified, while 21 genera and four families 

were recorded at Erfdeel. Bacterivores dominated in soils from both CTA and CA 

cropping sequences. Non-parasitic nematode population levels in general increased 

during each season in soils from both CA and CTA cropping sequences, except 

during 2012/13 when severe drought conditions were experienced. Soils from the CA 

cropping sequences, however, generally had higher non-parasitic nematode 

population densities and diversity than those from CTA monoculture maize. This 

phenomenon was demonstrated by food-web analyses that showed that non-

parasitic nematode diversity were higher where either cowpea or sunflower were 

used as a rotation crop in the CA cropping sequences. Nonetheless, soils from the 

majority of the cropping sequences (CA and CTA) were characterised as „stressed 

and depleted‟ using non-parasitic nematodes as bio-indicators of soil quality. 

Research over a longer term than the four-year period of this study should be 

conducted to get a better understanding of the role and impact of non-parasitic 

nematodes in defining and quantifying soil quality, particularly under CA. 
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non-parasitic nematode densities, non-parasitic nematode diversity, soil food webs 

 

1. Introduction 

The first non-parasitic nematode identified was Turbatrix aceti (Mueller, 1783) 

Peters, 1927, in 1656 (De Moura et al., 2006), commonly referred to as the vinegar 

nematode. The important role of non-parasitic nematodes in the ecosystem has only 

been recognised during the 20th century (Ingham et al., 1985; Yeates et al., 2009). 

Since then, numerous studies have been conducted using non-parasitic nematodes 

as bio-indicators of ecosystem health in aquatic and terrestrial habitats (Bongers & 

Bongers, 1998; Mulder et al., 2005). For the purposes of this study, the term non-

parasitic nematodes will be used and refers to ‟free-living‟, terrestrial forms that are 

regarded as beneficial in terms of soil ecosystem quality (Bongers & Bongers, 1998; 

Neher, 2001).  

 

The decomposition of organic matter, recycling of minerals and nutrients as well as 

carbon sequestration are the key factors that contribute towards the conservation of 

sustainable resources and preservation of the environment (Ferris et al., 2001). 

Minerals and nutrients, detoxification of pollutants, modification of soil structure and 

the regulation of pest population levels are services that are provided by soil food-

webs. Nematode communities form an integral part of soil food-webs (Doran & 

Parkin, 2001; Kennedy & Smith, 1995; Van Straalen & Van Gestel, 1998; Ferris et 

al., 2001). Knowledge about the function of soil food-webs and how it relates to the 

presence and abundance of inhabiting organisms, in this case non-parasitic 

nematodes, is a necessity. Therefore, recording the composition of soil nematodes 

within an ecosystem could help researchers to gain knowledge and a better 

understanding of the soil‟s quality and its interaction with various biotic and abiotic 

components. Disturbances, whether it is environmentally induced or as a result of 

human intervention, e.g. mining and agricultural activities, could also be detected 

and studied by using the prevailing non-parasitic nematode community. 

 

Non-parasitic nematode communities play an important role in regulating the 

decomposition of organic materials and the recycling of nutrients (Moore & De 

Ruiter, 1991; Neher, 1999). Thus, by improving the soil‟s quality and increasing the 
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beneficial soil organisms (such as non-parasitic nematodes) a sustainable soil 

environment could be created that will benefit crop production. Non-parasitic 

nematodes are regarded as excellent bio-indicators of soil quality (Bongers & 

Bongers, 1998; Porazinska et al., 1999). This is due to their sensitivity to 

disturbances, abundance and diversity in all environments, short life cycles 

(bacterivores in particular) and relative ease with which they can be extracted for 

remuneration and identification (Bongers & Bongers, 1998; Porazinska et al., 1999). 

 

Soil nematode communities can be divided into different functional groups (Bongers 

& Bongers, 1998), with those belonging to the same functional groups showing 

similar reactions to disturbances as well as recovery within their environment 

(Bongers & Bongers, 1998; Wang et al., 2004). Nematodes belong to a specific 

functional group according to their feeding habits and include plant-parasitic 

nematodes (herbivores), fungi- and bacterivores, and predators (representing carni- 

and omnivores) (Bongers & Bongers, 1998). These functional guilds are allocated 

colonizer-persister (cp) values, which ranges between 1 (colonizers, e.g. 

Rhabditidae) and 5 (persisters, e.g. Dorylaimidae) (Bongers & Bongers, 1998; Ferris 

et al., 2001). Agricultural soils, as opposed to natural veld, usually have higher 

population densities of plant-parasitic and opportunistic bacteri- and fungivores (cp1-

2) (Neher et al., 2004). Such soils, furthermore, also have low densities of cp3-5 

bacteri- and fungivores and predators with cp3-5 (Neher et al., 2004). Therefore, 

improved soil quality will be representative of low densities of bacteri- and fungivores 

with cp 1-2, and high densities of bacteri-, fungi- and carnivores with cp-values 3- 5 

(Neher et al., 2004).  

 

The application of CA can increase soil quality and in so doing benefit producers. 

Concerning nematodes, CA may contribute towards an increase in population levels 

of non-parasitic nematodes and thereby enhance soil quality and sustainable 

agriculture. Consequently, the objective of this study was to evaluate the effect of CA 

on non-parasitic nematode population compositions, diversity and densities under 

different maize-based crop rotation systems. 
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2. Material and methods 

2.1 Trial sites, crops grown and plot sizes 

The data for this study were obtained from the same trial localities (Buffelsvallei and 

Erfdeel) used for the plant-parasitic nematode study as described in Chapter 4, 

Paragraph 2.1. The same was valid for the crops and cropping sequences (CRSs) 

used (Table 5.1). The two localities have different soil types, namely sandy-loam soil 

(clay content of 16 %) occur at Buffelsvallei and sandy soil (clay content of 4 %) at 

Erfdeel.  

 

2.2 Extraction of nematodes from rhizosphere soil samples 

The same methods used to extract plant-parasitic nematodes from rhizosphere soil 

as described in Paragraph 2.2 of Chapter 4, were used to extract non-parasitic 

nematodes for this study. 

 

2.3 Identification of non-parasitic nematodes 

Non-parasitic nematode individuals were fished out and fixed using the same 

methods as described in Chapter 3, Paragraph 2.3 for plant-parasitic nematodes. 

Non-parasitic nematodes were identified to genus level by the author with the 

assistance of Dr Antoinette Swart (ARC-PPRI, Pretoria). 

 

2.4 Statistical analyses 

2.4.1 Prominence values (PV) 

Prominence values were calculated as described in Chapter 4, Paragraph 2.4.1. 

according to the following equation: 

 

PV = population density x     frequency of occurrence      / 10  

 

This equation is commonly used in Nematology research (Norton, 1978; De Waele & 

Jordaan, 1988a; Fourie et al., 2001; Ntidi et al., 2012). 

 

2.4.2 Analysis of variance (ANOVA) 

Analyses of variance (ANOVA) were used to determine if significant differences 

existed between the different CRSs with regard to non-parasitic nematode 

√ 
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genera/species during each season. Repeated Measures ANOVAs (MANOVAs) was 

furthermore done with CRS as the main effects and seasons as the subfactor. 

Means were separated using the Tukey HSD Test at P ≤ 0.05. Nematode data was 

log transformed [log(x+1)] before commencement of analyses and Statistica Version 

13 (StatSoft, 2015) was used. 

 

2.4.3 Principal Component Analyses (PCA) and correlation statistics 

In order to determine whether any associations/trends existed between non-parasitic 

nematodes and the different seasons and crop sequences, PCA analyses were done 

as was described for plant-parasitic nematodes in Chapter 4, Paragraph 2.4.3. 

 

2.5 Nematode Indicator Joint Analysis (NINJA) 

The data obtained for the non-parasitic nematode assemblages identified from the 

200-g soil samples sampled at Buffelsvallei and Erfdeel were furthermore subjected 

to food-web analyses as proposed by Ferris et al. (2001) as well as using the NINJA 

model (Sieriebrienikov et al., 2014). 
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Table 5.1: The layout of crop sequences used for the conservation agricultural trial conducted at two localities (Buffelsvallei and Erfdeel) where nematodes were sampled 

from the 2010-2011 to the 2013-2014 growing seasons.  

Buffelsvallei: maize, cowpea and pearl millet Buffelsvallei: maize, sunflower and pearl millet Erfdeel: maize, cowpea and pearl millet 

Crop included each season Crop included each season Crop included each season 
Crop 
sequence 

Practice 10/11 11/12 12/13 13/14 
Crop 
sequence 

Practice 10/11 11/12 12/13 13/14 
Crop 
sequence 

Practice 10/11 11/12 12/13 13/14 

1 CTA
1
 M

3
 M M M 1 CTA M M M M 1 CTA M M M M 

2 CA
2
 M M M M 2 CA M M M M 2 CA M M M M 

3 CA C
4
 M C M 3 CA S

6
 M S M 3 CA M C M C 

4 CA M C M C 4* - - - - - 4 CA C M C M 

5 CA P
5
 C M P 5* - - - - - 5 CA M P C M 

6 CA C M P C 6 CA S M P S 6 CA P C M P 

7 CA M P C M 7 CA M P S M 7 CA C M P C 

1
CTA = conventional agriculture; 

2
CA = conservation agriculture; 

3
M = maize; 

4
C = cowpea; 

5
P = pearl millet; 

6
S = sunflower; *4 & 5 = crop sequences at Buffelsvallei where sunflower was grown and left out due to poor 

germination and performance of the crop during the 2011/2012 growing season 
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3. Results 

3.1 Non-parasitic nematode assemblages in 200-g rhizosphere soil samples from 

Buffelsvallei and Erfdeel 

Only PV are shown in Table 5.1 due to the wide variety of non-parasitic nematode 

genera/families identified and the big body of data generated. It is important to bear 

in mind that the overall mean PV for each family/genus were calculated for the four-

year period of the study to indicate which was predominant for the different CRS at 

the two localities. Information on frequency of occurrence and mean population 

densities are listed in Appendix IV, Tables 1 and 2. 

 

3.1.1 Buffelsvallei 

Two families and 31 non-parasitic nematode genera were identified from rhizosphere 

soil samples at Buffelsvallei (Table 5.2). In soils of monoculture maize (MMMM) plots 

for both CTA and CA, the CTA fields had 11 genera recorded whilst the CA fields 

had one family and 17 genera identified. Three families and 28 non-parasitic 

nematode genera were identified when cowpea was included in the CRSs, while 26 

genera and one family were identified when sunflower was part of the CRS.  

 

In terms of PV at Buffelsvallei, the bacterivore genus Acrobeloides Cobb, 1924 was 

predominant in soils of the MMMM/CTA sequence. The genera Cephalobus Bastian, 

1865 (bacterivore), Acrobeles von Linstow, 1877 (bacterivore) and Aphelenchus 

Bastian, 1865 (fungivore) followed (Table 5.2). Omni- and carnivores identified in the 

rhizosphere soil samples were dominated by Aporcelaimellus Heyns, 1965.  

 

In the MMMM/CA sequence Eucephalobus Steiner, 1936 (bacterivore) was the 

predominant non-parasitic nematode genus (Table 5.2). Acrobeles, Panagrolaimus 

Fuchs, 1930 (bacterivore) and Aphelenchus (fungivore) followed. The genus 

Aporcelaimellus was the predominant omnivores present. 

 

The data that follows specifically demonstrate the non-parasitic nematodes present 

when cowpea and sunflower were part of the CRSs (see Table 5.1).  

 

When cowpea was included, Panagrolaimus (bacterivore) was the predominant 

genus with the highest PV (Table 5.2). The genera Acrobeloides, Cephalobus and 
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Aphelenchus followed. The predominant omni- and carnivores present were 

Aporcelaimellus and Discolaimoides Heyns, 1963, sensu Das et al., 1969.  

 

When sunflower was included as rotation crop, Acrobeloides was the predominant 

non-parasitic nematode genus present. Panagrolaimus, Acrobeles and Aphelenchus 

followed (Table 5.2). The dominant omni- and carnivores were individuals of the 

family Dorylaimidae and the genera Aporcelaimellus and Discolaimus Cobb, 1913. 

 

3.1.2 Erfdeel 

Four families and 21 non-parasitic nematode genera were identified from the 

rhizosphere soil samples (Table 5.3). For CA and CTA monoculture maize, three 

families (of which individuals could not be identified to genus level) and 11 and 15 

genera, respectively, were present. Four families and 20 non-parasitic nematode 

genera were identified in soils from plots where cowpea was included in CRSs under 

CA.  

 

For the MMMM/CTA CRS, Acrobeles was the predominant non-parasitic nematode 

genus (Table 5.3). Zeldia Thorne, 1937 (bacterivore), Aphelenchus, Eucephalobus 

and Aphelenchoides Fischer, 1894 (fungivore) followed. The family Dorylaimidae 

represented the predominant omnivores 

 

For the MMMM/CA CRS, the genus Acrobeles was predominant. Zeldia, 

Eucephalobus and Aphelenchus followed. Omni- and carnivores identified in the 

rhizosphere soil samples were dominated by the family Dorylaimidae and genera 

Aporcelaimellus and Paraxonchium Krall, 1958. In plots where cowpea was included, 

Acrobeles was the dominant non-parasitic nematode genus, followed by Rhabditis 

Dujardin, 1845 (bacterivore), Zeldia and Aphelenchus. The dominant omni- and 

carnivores were from the family Dorylaimidae and genus Aporcelaimellus. 
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Table 5.2: Prominence values of and guilds for non-parasitic nematode families and genera identified in 200-g soil rhizosphere samples from monoculture maize 

(conventional and conservation agriculture) as well as conservation agriculture sequences including maize, cowpea and/or sunflower and pearl millet at Buffelsvallei for each 

growing season (2011-2014).  

  Season   Season   Season 

Nematode 
genera/families 

Guild
1
 10/11 11/12 12/13 13/14 

Nematode 
genera/families 

Guild 10/11 11/12 12/13 13/14 
Nematode 
genera/families 

Guild 10/11 11/12 12/13 13/14 

Buffelsvallei: MMMM/CTA 

Mesorhabditis Ba1 179 5 0 4 Aphelenchus Fu2 98 65 6 44 Zeldia Ba2 38 33 4 13 

Acrobeloides Ba2 146 130 15 49 Tylenchus Fu2 87 23 6 16 Ditylenchus Fu2 10 7 0 14 

Aphelenchoides Fu2 113 35 5 15 Acrobeles Ba2 86 76 9 29 Monhystera Ba2 0 5 2 4 

Cephalobus Ba2 109 96 11 37 Aporcelaimellus Om5 64 32 4 21       

Buffelsvallei: MMMM/CA 

Eucephalobus Ba2 114 221 15 46 Aphelenchoides Fu2 46 73 12 8 Dorylaimidae Om4 17 21 0 6 

Acrobeles Ba2 103 198 13 41 Cephalobus Ba2 42 81 5 17 Zeldia Ba2 11 22 1 5 

Mesorhabditis Ba1 100 5 0 10 Ditylenchus Fu2 42 14 2 17 Paraxonchium Om5 6 7 0 2 

Aphelenchus Fu2 80 243 2 22 Aporcelaimellus Om5 29 35 0 10 Plectus Ba2 0 0 9 17 

Panagrolaimus Ba1 72 140 9 29 Acrobeloides Ba2 19 37 2 8 Prismatolaimus Ba3 0 7 0 2 

Tylenchus Fu2 50 33 2 7 Elaphonema Ba2 19 37 2 8 Monhystera Ba2 0 7 1 2 

Buffelsvallei: Cowpea 

Aphelenchus Fu2 212 128 7 25 Aporcelaimellus Om4 48 12 2 8 Discolaimidae Ca5 9 2 0 2 

Acrobeloides Ba2 199 126 17 68 Eucephalobus Ba2 47 32 3 13 Alaimus Ba4 9 2 0 2 

Panagrolaimus Ba2 172 162 23 68 Elaphonema Ba2 28 18 1 7 Prodorylaimus Om4 4 2 0 0 

Cephalobus Ba2 159 111 11 42 Discolaimoides Ca5 24 7 1 4 Eudorylaimus Om4 3 1 0 2 

Acrobeles Ba2 147 104 13 43 Chiloplacus Ba1 15 9 1 4 Tylencholaimus Fu4 3 1 0 2 

Aphelenchoides Fu2 108 43 5 23 Dorylaimidae Om4 15 4 1 4 Tylencholaimellus Fu4 2 15 0 1 

Zeldia Ba2 100 87 12 33 Monhystera Ba2 13 6 2 8 Plectus Ba2 0 0 6 36 

Mesorhabditis Ba1 74 6 0 4 Discolaimus Ca5 13 5 0 1 Wilsonema Ba2 0 0 2 7 

Tylenchus Fu2 68 26 3 20 Paraxonchium Om5 9 2 0 2 Prismatolaimus Ba3 0 5 0 4 

Ditylenchus Fu2 64 17 3 18 Dorylaimoides Fu4 9 3 0 2 Nothothylenchus Fu2 0 7 0 2 
1Guild = refers to the functional guild assigned to non-parasitic nematodes, Ba1 – Ba3 = bacterivores with cp-value between 1 & 3; Fu2 & Fu4 = fungivores with cp-value of 2 & 4; Ca3 & Ca5 = carnivores with cp-value of 3 & 5; Om4 and Om5 = 
omnivores with cp-value of 4 & 5 
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Table 5.2 continues                 

  Season   Season   Season 

Nematode 
genera/families 

Guild
1
 10/11 11/12 12/13 13/14 

Nematode 
genera/families 

Guild 10/11 11/12 12/13 13/14 
Nematode 
genera/families 

Guild 10/11 11/12 12/13 13/14 

Buffelsvallei: Sunflower 

Acrobeloides Ba2 186 257 26 77 Cephalobus Ba2 39 21 9 8 Teratocephalus Ba3 0 0 0 16 

Acrobeles Ba2 135 135 11 49 Aporcelaimellus Om4 38 8 4 2 Plectus Ba2 0 0 2 8 

Panagrolaimus Ba1 108 181 28 52 Zeldia Ba2 31 54 5 21 Wilsonema Ba2 0 0 3 8 

Aphelenchus Fu2 91 123 3 32 Discolaimus Ca5 30 3 0 2 Monhystera Ba2 0 0 0 1 

Tylenchus Fu2 85 39 6 17 Eucephalobus Ba2 14 18 3 8 Dorylaimoides Fu4 0 5 0 3 

Aphelenchoides Fu2 56 47 6 19 Prismatolaimus Ba3 12 6 0 3 Tylencholaimus Fu4 0 2 0 1 

Mesorhabditis Ba1 50 6 0 6 Discolaimoides Ca5 10 10 4 5 Discolaimium Ca5 0 2 0 1 

Dorylaimidae Om4 49 9 4 2 Elaphonema Ba2 8 41 3 7 Nothothylenchus Fu2 0 0 1 1 

Ditylenchus Fu2 42 4 4 10 Paraxonchium Om5 5 2 0 1       
1Guild = refers to the functional guild assigned to non-parasitic nematodes, Ba1 – Ba3 = bacterivores with cp-value between 1 & 3; Fu2 & Fu4 = fungivores with cp-value of 2 & 4; Ca3 & Ca5 = carnivores with cp-value of 3 & 5; Om4 and Om5 = 
omnivores with cp-value of 4 & 5 
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Table 5.3: Prominence values of and guilds for non-parasitic nematode families and genera identified in 200-g soil rhizosphere samples from monoculture maize 

(conventional and conservation agriculture) as well as conservation agriculture sequences including maize, cowpea and pearl millet at Erfdeel for each growing season (2011-

2014). 

  Season   Season   Season 

Nematode 
genera/families 

Guild
1
 10/11 11/12 12/13 13/14 

Nematode 
genera/families 

Guild 10/11 11/12 12/13 13/14 
Nematode 
genera/families 

Guild 10/11 11/12 12/13 13/14 

Erfdeel: MMMM/CTA 

Acrobeles Ba2 84 137 25 46 Zeldia Ba2 10 34 6 11 Panagrolaimus Ba1 7 11 2 4 

Aphelenchus Fu2 23 90 2 2 Ditylenchus Fu2 10 5 2 4 Acrobeloides Ba2 4 7 1 3 

Aphelenchoides Fu2 20 13 7 2 Rhabditis Ba1 10 0 0 2 Cephalobus Ba2 3 5 1 2 

Dorylaimidae Om4 14 16 11 2 Monhysteridae Ba2 10 2 0 0 Plectidae Ba2 0 0 0 10 

Eucephalobus Ba2 11 18 3 6 Tylenchus Fu2 10 0 0 0       

Erfdeel: MMMM/CA 

Acrobeles Ba2 100 249 23 46 Aporcelaimellus Om4 11 12 2 2 Plectidae Ba2 0 0 2 24 

Aphelenchoides Fu2 57 19 5 10 Paraxonchium Om5 11 12 2 2 Monhysteridae Ba2 0 4 2 0 

Aphelenchus Fu2 49 117 15 4 Panagrolaimus Ba1 8 19 2 4 Ditylenchus Fu2 0 0 2 2 

Dorylaimidae Om4 21 23 4 5 Acrobeloides Ba2 5 13 1 2 Tylenchus Fu2 0 13 0 0 

Rhabditis Ba1 17 0 2 5 Cephalobus Ba2 4 10 1 2 Monhystera Ba2 0 4 0 0 

Eucephalobus Ba2 13 32 3 6 Zeldia Ba2 0 61 6 11 Mononchus Ca4 0 2 0 0 

Erfdeel: Cowpea 

Acrobeles Ba2 325 280 36 44 Acrobeloides Ba2 17 15 3 2 Plectus Ba2 0 0 1 1 

Rhabditis Ba1 112 2 0 8 Aporcelaimellus Om4 17 24 3 4 Wilsonema Ba2 0 0 2 0 

Aphelenchus Fu2 51 72 11 3 Tylenchus Fu2 15 16 2 3 Monhysteridae Ba2 0 3 1 1 

Eucephalobus Ba2 42 36 5 6 Cephalobus Ba2 13 11 2 2 Monhystera Ba2 0 3 0 1 

Aphelenchoides Fu2 41 16 7 2 Discolaimus Ca5 2 3 0 0 Discolaimidae Ca5 0 4 1 0 

Panagrolaimus Ba1 25 22 3 4 Eudorylaimus Om4 1 2 0 0 Mononchus Ca4 0 0 0 1 

Zeldia Ba2 23 69 9 11 Discolaimoides Ca5 1 2 0 0 Tobrilus Ca3 0 8 0 0 

Dorylaimidae Om4 19 24 3 4 Plectidae Ba2 0 0 3 2 Ditylenchus Fu2 0 3 0 1 
1Guild = refers to the functional guild assigned to non-parasitic nematodes, Ba1 – Ba3 = bacterivores with cp-value between 1 & 3; Fu2 & Fu4 = fungivores with cp-value of 2 & 4; Ca3 & Ca5 = carnivores with cp-value of 3 & 5; Om4 and Om5 = 
omnivores with cp-value of 4 & 5 
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3.2. Non-parasitic nematode interactions as affected by cropping sequences (CRS) 

and seasons 

Due to the extensive body of data generated for this study, population density data of 

the different non-parasitic genera/families identified were pooled and presented as 

the different trophic groups they belong to, e.g. bacteri- and, fungivores, and 

predators (carnivores and omnivores included). This is specifically applicable for 

ANOVA and PCA analyses. Only parameters that showed significant (P ≤ 0.05) 

differences for non-parasitic nematodes and CRS were summarised in Tables 5.4, 

5.5 and 5.6. Furthermore, only such data are further discussed and illustrated using 

graphs. The entire data sheet (including nematode data at planting (0 days) and 60 

DAP) for this study is, however, attached as Appendix IV (Tables 3-8). 

 

The correlation circles and factorial plans that were constructed, using PCA 

statistics, illustrate the composition of plant-parasitic nematodes and the different 

CRS for the different seasons. The two graphs are hence discussed in relation to 

one another for each factor (non-parasitic nematodes vs. CRS included each 

seasons). The factors that plotted on the same side in both the correlation circle and 

factorial plan graphs indicate that high plant-parasitic nematode population levels 

occurred in those CRS. In contrast, factors that plotted on opposite sides of such 

graphs represent low nematode population densities for such CRS. The strongest 

factors are those that plotted furthest away from the centre of the F1 and F2 axis. 
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3.2.1 Buffelsvallei 

3.2.1.1 Cowpea included as a rotational crop 

Table 5.4: Summary of significant data (P ≤ 0.05) for bacteri- and fungivores, and predators (carni- 

and omnivores) population densities per 200-g rhizosphere soil samples obtained from monoculture 

maize as well as cropping systems which included maize, cowpea and pearl millet for the different 

growing seasons at Buffelsvallei (2011-2014).  

CRS
1
 Effects Bacterivores Fungivores 

Predators (carni- 
and omnivores) 

  F-value p-value F-value p-value F-value p-value 

Cowpea CRS 2010/2011 5.2 <0.0001 ns ns ns Ns 

CRS 2011/2012 3.8 0.01 3.4 0.02 ns Ns 

CRS 2012/2013 ns ns ns ns ns Ns 

CRS 2013/2014 ns ns 4.7 0.01 4.5 <0.0001 

        

 CRS 5.0 <0.0001 ns ns ns Ns 

 Season 42.6 <0.0001 109.9 <0.0001 23.3 <0.0001 

Interaction data CRS x season 4.3 <0.0001 ns ns 1.9 0.03 

CRS
1
 = cropping sequence which included monoculture maize (both CTA and CA) as well as rotations with maize, cowpea and 

pearl millet (Table 5.1); ns = no significant data obtained 

 

At Buffelsvallei, significant differences existed for several of the different CRS with 

regard to the non-parasitic nematodes present in rhizosphere soil samples from plots 

where cowpea was included during the four-year period of this study. At the end of 

the 2010/2011 season, CRS 4 (MCMC/CA, in which maize was included) had 

significantly lower bacterivore numbers than the other CRSs (Table 5.4; Appendix IV, 

Table 1). Also, the MMMM/CTA (CRS 1) had significantly lower bacteri- and 

fungivore population densities than its CA counterpart (CRS 2) at the end of the 

2011/2012 season. Furthermore, CRS 1 (MMMM/CTA) also had significantly lower 

bacterivore numbers than CRS 6 (CMPC/CA) in which maize was cultivated during 

the latter season. Maize grown in both CRSs 2 and 7 (MPCM/CA) in the 2013/2014 

season had significantly lower fungivore population densities than CRS 6 (in which 

cowpea was included). With regard to the predators, significant differences occurred 

during the 2012/2013 season. For plots in which cowpea was included in both CRSs 

4 and 6 during 2012/2013, significantly lower nematode numbers were recorded 

compared to plots where pearl millet and maize were included in CRSs 5 

(PCMP/CA) and 7. 
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Significant interactions only existed for CRS x season for bacterivores and predators 

(Table 5.4). Significantly lower bacterivore population densities were recorded for 

most of the crops grown in the 2012/2013 season compared to those for the other 

three seasons. For predators, only maize that was cultivated as part of CRS 2 in the 

2012/2013 season had significantly lower nematode densities compared to that for 

the 2011/2012 season. Also, CRS 6 in which pearl millet was cultivated for the 

2011/2012 season had significantly lower predator nematodes than cowpea that was 

grown in the 2010/2011 season.  

 

The factorial graph (Fig. 5.1B) illustrated the effects of the different seasons and their 

impact on the different nematode trophic groups. The different CRSs clustered 

together on the F1-axis, indicating that bacterivores were the most abundant non-

parasitic nematodes present. The highest diversity of non-parasitic nematodes 

occurred in the 2013/2014 season, while the highest nematode density levels were 

recorded during the 2010/2011 season (also see Appendix IV, Tables 1, 2 & 3). For 

the 2012/2013 season, the lowest non-parasitic nematode population densities were 

recorded (also see Appendix IV, Tables 1, 2 & 3).  
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Figs. 5.1A and 5.1B: Correlation circles (5.1A) and factorial plan (5.1B) illustrating the composition of non-parasitic nematode trophic groups in 200-g rhizosphere soil samples 

collected at Buffelsvallei, 100 days after planting during the different growing seasons (2011-2014) from monoculture maize as well as cropping sequences (CRS) which 

included maize, cowpea and pearl millet. (The corresponding numbers (1-7) and letters refer to the different CRSs and crop planted for that season, where C = Cowpea, M = Maize and P 

= Pearl millet; (5.1B): 1 = MMMM/CTA; 2 = MMMM/CA; 3 = CMCM/CA; 4 = MCMC/CA; 5 = PCMP/CA; 6 = CMPC/CA; 7 = MPCM/CA). 
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3.2.1.2 Sunflower included as a rotational crop 

Table 5.5: Summary of significant data (P ≤ 0.05) for the bacteri- and fungivores, and predators (carni- 

and omnivores) population densities per 200-g rhizosphere soil samples obtained from monoculture 

maize as well as cropping systems which included maize, sunflower and pearl millet for the different 

growing seasons at Buffelsvallei (2011-2014).  

CRS1 Effects Bacterivores Fungivores 
Predators 
(carni- and 
omnivores) 

  F-value p-value F-value p-value F-value p-value 

Cowpea CRS 2010/2011 ns ns ns ns ns Ns 

 CRS 2011/2012 4.0 0.02 6.0 <0.0001 ns Ns 

 CRS 2012/2013 3.1 0.05 ns ns ns Ns 

        

 CRS 3.8 0.02 ns ns ns Ns 

 Season 95.5 <0.0001 97.0 <0.0001 16.3 <0.0001 

Interaction data CRS x season ns ns ns ns 2.1 0.04 

CRS
1
 = cropping sequence which included monoculture maize (both CTA and CA) as well as rotations with maize, sunflower 

and pearl millet (Table 5.1); ns = no significant data obtained 

 

Significant differences (P ≤ 0.05) occurred between the different CRS with sunflower 

included as rotation crop with regard to bacteri- and fungivores present in the 

rhizosphere soil samples at Buffelsvallei (Table 5.5). No significant differences were, 

however, evident for predators. At the end of the 2011/2012 season, the 

monoculture CTA sequence (CRS 1) had significantly lower bacterivore population 

densities than its CA counterpart (CRS 2) and CRS 6 (SMPS/CA). The latter CRSs 

both had maize cultivated during this season. Furthermore, maize grown in CRS 1 in 

the 2012/2013 season also had significantly lower bacterivores than CRS 3 

(SMSM/CA), which had sunflower included. At the end of the 2011/2012 season, 

CRS 1 had significantly lower fungivore population densities than CRS 2. Although 

no significant interaction was recorded for CRS x season with regard to bacteri- and 

fungivores, significant interactions occurred for predators in this regard. The CRSs 

differed significantly among each other for the bacterivores but not for the fungivores 

and predators. However, with regard to seasonal effects, significant differences 

existed between all non-parasitic nematode trophic groups. Significantly lower 

nematode population densities were recorded from all crops grown in the 2012/2013 

season when compared to those for the other three seasons. Similar data were 

obtained for the 2013/2014 season in which significantly lower nematode population 

densities occurred compared to those for 2010/2011 and 2011/2012 seasons.  
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The factorial graph illustrated that the different CRSs clustered together on the F1-

axis (Fig. 5.2B). Thus, bacterivores were the most abundant when cowpea was 

included (Fig. 5.1B). The 2010/2011 and 2011/2012 seasons showed the highest 

and the 2012/2013 season the lowest nematode densities (also see Appendix IV, 

Tables 3 and 4). However, an increase in nematode population densities occurred at 

the end of the 2013/2014 season (also see Appendix IV, Tables 3 and 4).  
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Figs. 5.2A and 5.2B: A correlation circle (5.2A) and factorial plan (5.2B) illustrating the composition of non-parasitic nematodes in 200-g soil samples collected at Buffelsvallei 

(A), South Africa, 100 days after planting during the different growing seasons (2011-2014) from monoculture maize as well as cropping sequences (CRS) which included 

maize, sunflower and pearl millet. (The corresponding numbers (1-7) and letters refer to the different CRSs and crop planted for that season, where M = Maize, P = Pearl millet and S = 

Sunflower; (5.2B): 1 = MMMM/CTA; 2 = MMMM/CA; 3 = SMSM/CA; 6 = SMPS/CA; 7 = MPSM/CA). 
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3.2.2 Erfdeel 

Table 5.6: Summary of significant data (P ≤ 0.05) for the bacteri- and fungivores, and predators (carni- 

and omnivores) population densities per 200-g rhizosphere soil samples obtained from monoculture 

maize as well as cropping systems which included maize, cowpea and pearl millet for the different 

growing seasons at Erfdeel (2011-2014).  

CRS
1
 Effects Bacterivores Fungivores 

Predators 
(carni- and 
omnivores) 

  F-value p-value F-value p-value F-value p-value 

Cowpea CRS 2010/2011
1
 3.2 0.02 ns ns ns Ns 

 CRS 2011/2012
1
 2.6 0.05 ns ns 2.5 0.05 

 CRS 4.2 0.01 ns ns ns Ns 

 Season 37.6 <0.0001 30.0 <0.0001 17.9 <0.0001 

CRS
1
 = cropping sequence which included monoculture maize (both CTA and CA) as well as rotations with maize, cowpea and 

pearl millet (Table 5.1); ns = no significant data obtained 

 

Significant differences (P ≤ 0.05) occurred between the different CRSs for the 

2010/2011 and 2011/2012 growing seasons with regard to bacterivores (Table 5.6). 

At the end of the 2010/2011 season, soils from maize plots for the MMMM/CTA 

(CRS 1) had significantly lower nematode numbers than those from cowpea plots for 

CRS 7 (CMPC/CA) (Fig. 5.3A). A similar scenario was evident for CRS 1 during the 

2011/2012 growing season, in which significantly lower bacterivore population 

densities were present compared to those in which maize was cultivated for CRS 4 

(CMCM/CA). For the fungivores, no significant differences (P > 0.05) were apparent 

between the different CRSs for the respective seasons, with the same scenario 

being evident for predators.  

 

Significant differences (P ≤ 0.05) occurred among the different CRSs as well as 

seasons only for bacterivores. However, no significant interactions existed for CRS x 

season for any of the non-parasitic nematode trophic groups (Table 5.3). Bacterivore 

population densities for the 2012/2013 and 2013/2014 seasons were significantly 

lower than those recorded for the 2010/2011 and 2011/2012 seasons (Fig. 5.3B). 

Thus, soils from maize and pearl millet plots for the 2012/2013 (CRSs 3, MCMC/CA, 

and 7) and 2013/2014 (CRS 4) seasons had significantly lower bacterivore numbers 

than those for the respective preceding crops. Fungivore population densities were 

significantly lower for the 2010/2011, 2012/2013 and 2013/2014 seasons than those 

for the 2011/2012 season. The 2013/2014 season also showed significantly lower 
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fungivore population densities than the 2010/2011 and 2012/2013 seasons (see also 

Appendix IV, Tables 5 and 6). Soils of maize plots for CRS 5 (MPCM/CA) during the 

2013/2014 season had significantly lower fungivore population densities than pearl 

millet plots for the same CRS during the 2011/2012 season. In the 2011/2012 

season, population densities of predators were significantly higher than those for the 

other growing seasons (Fig. 5.3B, Appendix IV, Table 6). 
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Figs. 5.3A and 5.3B: Correlation circle (5.3A) and factorial plan (5.3B) illustrating the composition of non-parasitic nematodes in 200-g soil samples collected at Erfdeel, South 

Africa, 100 days after planting during the different growing seasons (2011-2014) from monoculture maize as well as cropping sequences (CRS) which included maize, 

cowpea and pearl millet. The corresponding numbers (1-7) and letters refer to the different CRSs and crop planted for that season, where C = Cowpea, M = Maize and P = 

Pearl millet; (5.3B): 1 = MMMM/CTA; 2 = MMMM/CA; 3 = CMCM/CA; 4 = MCMC/CA; 5 = PCMP/CA; 6 = CMPC/CA; 7 = MPCM/CA. 
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3.3 Non-parasitic nematode community structures 

3.3.1 Buffelsvallei 

3.3.1.1 Cowpea as part of the rotation 

According to the enrichment (EI) and structure (SI) indices, 57% of the samples 

plotted in Quadrant A (Fig. 5.4A). This was due to high EI, ranging between 51% for 

6P and 77% for 3M and low to intermediate SI, ranging from 4% for 5M to 48% for 

3C. In terms of non-parasitic nematodes these soils are characterized as stressed, 

but enriched due to the presence of mainly Ba 1 bacterivores (viz. Mesorhabditis and 

Panagrolaimus spp.) and low population densities and diversity of bacteri- and 

fungivores, and predatory nematodes with cp-values 3-5.  

 

Thirty-nine percent of the soil samples plotted in Quadrant D (Fig. 5.4A). Soils from 

these plots are listed as stressed and the non-parasitic nematode communities 

depleted. These fields in general had low EI (ranging from 14% for 1M to 49% for 

2M), while low to intermediate SI values (ranging between 0% for 2M and 42% for 

7M) were evident. Low EI, a result of high population levels of Ba2 bacterivore and 

Fu2 fungivore guilds (Ferris et al., 2001), are based on the presence of individuals 

belonging to the genera Acrobeles, Acrobeloides, Cephalobus, Chiloplacus, 

Eucephalobus, Elaphonema, Monhystera, Plectus, Wilsonema and Zeldia. Low to 

intermediate SI implied the presence of relatively low population levels and diversity 

of bacteri- and fungivores, and predators with cp 3-5.  

 

One of the soil samples, viz. 4M, plotted In Quadrant B according to the relatively 

high EI (70%) and SI (59%) assigned to it (Fig. 5.4A). Soil at this site is described as 

being stable and enriched with regard to its inhabiting non-parasitic nematode 

community. The high EI indicated the presence of high population levels of Ba1 

nematode individuals (viz. Mesorhabditis and Panagrolaimus). The high SI 

represented high population levels of Fu4 (Dorylaimoides, Tylencholaimellus and 

Tylencholaimus), Om4 (Dorylaimidae, Eudorylaimus and Prodorylaimus) and Om 5 

(Aporcelaimellus and Paraxonchium) as well as the presence of Ca5 (Discolaimidae, 

Discolaimoides and Discolaimus). None of the sites plotted in Quadrant C, which 

represents stable but depleted non-parasitic nematode communities. 
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Interesting trends occurred for the different CRSs with regard to non-parasitic 

community structures (Fig. 5.4A). For example, in CRS 1 (MMMM/CTA) the EI 

decreased during the 2011/2012 and 2012/2013 seasons, while that for the 

2013/2014 season shows a slight increase. The SI remained similar for the first three 

seasons, but increased for the 2013/2014 season (Fig. 5.3, solid red circles). On the 

other hand, in CRS 2 (MMMM/CA), EI remained at the same level, while an increase 

in SI was evident (except for the 2012/2013 season). Furthermore, CRSs 3 and 4 

had lower EI values whenever cowpea was included (Fig. 5.3, dotted blue circles). 

However, CRS 3 maintained consistent SI values, whereas for CRS 4 the SI values 

continued to decrease during the duration of this study. Also, EI for CRSs 5, 6 and 7, 

were lower in plots where pearl millet was cultivated than in those where both maize 

and cowpea were included in the CRS (Fig. 5.4A, striped black circles). Furthermore, 

cowpea (CRSs 5, 6 and 7) consistently had lower EI than maize that was included in 

the follow-up season (Fig. 5.4A, striped purple circles). 

 

3.3.1.2 Sunflower as part of the rotation 

According to the EI and SI indices, 40% of the soil samples sampled plotted in 

Quadrant A as a result of high EI,  ranging from between 53% for 6S and 69% for 6P 

(Fig. 5.4B). Relatively low SI ranging from 9% for 6S to 38% for 3M was also evident. 

This was mainly due to Ba 1 bacterivores (viz. Mesorhabditis and Panagrolaimus) 

and low population densities and diversity of bacteri- and fungivores, and predators 

with cp-values 3-5. 

 

Followed by Quadrant A, 45% of the soil samples from the different CRSs plotted in 

Quadrant D (Fig. 5.4B). These fields in general had low EI (ranging from 13% for 1M 

to 50% for 2M) and low SI (ranging between 0% for 2M and 38% for 2M). Low EI 

were based on the presence of low population densities of individuals belonging to 

the genera Acrobeles, Acrobeloides, Cephalobus, Eucephalobus, Elaphonema, 

Monhystera, Plectus, Wilsonema and Zeldia (Table 5.1). The low SI implied the 

presences of low population levels and diversity of bacteri- and fungivores, and 

predators with cp 3-5. 
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Fig. 5.4A and 5.4B: Structure Index (SI) and Enrichment Index (EI) of each sampling site according to coloniser-persister (cp) values assigned to non-parasitic nematode 

genera that were identified from soil samples collected from monoculture maize as well as cropping sequences which included maize, cowpea (5.4A) and sunflower (5.4B), 

and pearl millet at Buffelsvallei, South Africa during the 2010/2011-2013/2014 growing seasons. (The corresponding numbers (1-7) and letters refer to the different CRSs and 

crop planted for that season, where C = Cowpea, M = Maize, P = Pearl millet and S = Sunflower; (5.4A): 1 = MMMM/CTA, 2 = MMMM/CA, 3 = CMCM/CA, 4 = MCMC/CA, 5 = PCMP/CA, 6 

= CMPC/CA, 7 = MPCM/CA; (5.4B): 1 = MMMM/CTA, 2 = MMMM/CA, 3 = SMSM/CA, 6 = CMPC/CA, 7 = MPCM/CA). 
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Three of the soil samples from the different CRSs, 3S and 6S (2010/2011), and 7S 

(2012/2013), plotted in Quadrant B according to their relatively high EI (67%, 64% 

and 54%, respectively) and SI (55%, 68% and 52%) (Fig. 5.4B). The high EI 

indicated the presence of high population levels of Ba1 bacterivores, belonging to 

the genera Mesorhabditis and Panagrolaimus. The high SI represented high 

population levels of Ba3 bacterivores (Prismatolaimus), Fu4 fungivores 

(Dorylaimoides and Tylencholaimus), Om4 (Dorylaimidae) and Om 5 omnivores 

(Aporcelaimellus and Paraxonchium spp.) as well as the presence of Ca5 carnivores 

(Discolaimium, Discolaimoides and Discolaimus).  

 

The different crops cultivated in the CRS also had different effects on the non-

parasitic nematode communities. For example, soils from plots where sunflower 

(CRSs 3, 6 and 7) and pearl millet (CRS 6) was grown both had higher EI values 

than those for maize (Fig. 5.4B, solid red circles). Furthermore, the soil-food webs of 

three soil samples from the different CRSs where sunflower were cultivated (3S, 6S 

and 7S) plotted in Quadrant B. One of these soil samples (7S) plotted in this 

quadrant regardless of the low non-parasitic nematode population levels that were 

recorded for the 2012/2013 season (Fig. 5.4, dotted blue circle).  

 

3.3.2 Erfdeel 

Eighty-nine percent of the soil samples from the different CRSs plotted in Quadrant 

D, indicating the presence of stressed and depleted the non-parasitic nematode 

communities (Fig. 5.5). These fields in general had low to medium EI (ranging from 

22% for 4M to 48% for 7C) and low to intermediate SI (ranging between 0% for 5M 

and 48% for 1M & 6M). Low EI were based on the presence of individuals belonging 

to the bacterivore genera Acrobeles, Acrobeloides, Cephalobus, Eucephalobus, 

Monhystera, Plectus, Wilsonema and Zeldia. The low SI implies the presence of low 

population levels and diversity of bacteri- and fungivores, and predators cp 3-5. 

 

According to EI and SI indices for one of the soil samples from the different CRSs, 

viz. 7C, plotted in Quadrant A as a result of a high EI (64%) and low SI (24%) 

assigned to it (Fig. 5.5). In terms of non-parasitic nematodes these soils are 

characterized as stressed but enriched due to the presence of mainly Ba1 
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bacterivores (Rhabditis and Panagrolaimus) and low population densities and 

diversity of bacteri- and fungivores, and predators with cp-values 3-5.  

 

One of the soil samples from the different CRSs, viz. from CRS 3C for the 2010/2011 

season, plotted in Quadrant C according to low EI (25%) and high SI (61%) assigned 

to it (Fig. 5.5). Low EI values were based on the presence of Ba2 bacterivores and 

Fu2 fungivores belonging to the genera Acrobeles, Acrobeloides, Aphelenchus, 

Aphelenchoides, Cephalobus, Eucephalobus, Monhystera, Plectus, Wilsonema and 

Zeldia. The high SI implied the presence of relatively high population levels and 

diversity of Om4 omnivores (Dorylaimidae and Eudorylaimus), and Ca3 (Tobrilus), 

Ca4 (Mononchus) and Ca5 carnivores (Discolaimidae, Discolaimoides and 

Discolaimus). 

 

One of the soil samples, viz. from CRS 5M for 2013/2014, plotted in Quadrant B 

according to its relatively high EI (63%) and SI (51%) (Fig. 5.5). The high EI 

indicated the presence of high population levels of Ba1 bacterivores (Rhabditis and 

Panagrolaimus). The high SI represented high population levels of Om4 omnivores 

(Dorylaimidae and Eudorylaimus) as well as Ca3 (Tobrilus), Ca4 (Mononchus) and 

Ca5 carnivores (Discolaimidae, Discolaimoides and Discolaimus). 

 

At Erfdeel, the different crops included in the CRSs influenced the non-parasitic 

nematode communities as was apparent for Buffelsvallei (see Paragraph 3.3.1.1; 

Figure 5.4A). Low EI and SI values occurred for MMMM/CTA maize (CRS 1) 

throughout the duration of the study (Fig. 5.5). For MMMM/CA, (CRS 2), EI values 

decreased during the duration of the four-year period of this study while SI values 

remained more or less the same. Although CRS 3 and 4 both had maize and 

cowpea as part of the CA rotation, non-parasitic nematode communities reacted 

differently to these two CRSs. For CRS 3, a decrease in EI whenever cowpea was 

cultivated was evident, while the SI increased continuously throughout the duration 

of the study (Fig. 5.5). However, in CRS 4 an opposite effect occurred, the EI values 

decreased when maize was included, while the SI values remained the same (Fig. 

5.5). Furthermore, CRS 5, 6 and 7 also had different effects on the non-parasitic 

nematode communities. In CRS 5, EI values were always lower when pearl millet 

and cowpea were cultivated (Fig. 5.5). For CRS 6, however, EI values decreased in 
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the 2011/2012 season but then stabilized. Inclusion of maize in this CRS resulted in 

soils with higher SI values than soils in which both pearl millet and cowpea were 

grown (Fig. 5.5). For CRS 7, both the inclusion of maize and pearl millet resulted in 

lower EI values than those for cowpea. However, SI values were higher for soils in 

which maize were grown.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.5: Structure Index (SI) and Enrichment Index (EI) of each sampling site according to coloniser-

persister (cp) values assigned to non-parasitic nematode genera that were identified from soil 

samples collected from monoculture maize as well as crop systems which included maize, cowpea 

and pearl millet at Erfdeel, South Africa during the 2010/2011-2013/2014 growing seasons. The 

corresponding numbers (1-7) and letters refer to the different CRSs and crop planted for that season, 

where C = Cowpea, M = Maize and P = Pearl millet; 1 = MMMM/CTA; 2 = MMMM/CA; 3 = MCMC/CA; 

4 = CMCM/CA; 5 = MPCM/CA; 6 = PCMP/CA; 7 = CMPC/CA. 
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4. Discussion and conclusions 

Higher population densities as well as higher diversity of non-parasitic nematodes 

were present in CRS under CA compared to those under monoculture maize (both 

CA and CTA). This was evident for CA maize sequences in which cowpea and 

sunflower were included at Buffelsvallei and cowpea and pearl millet rotations at 

Erfdeel.  

 

Bacterivores dominated in soils at both localities, irrespective whether cowpea or 

sunflower was included as rotation crops. Nevertheless, the non-parasitic nematode 

complexes at the two localities differed remarkably in terms of guilds and genera 

present. Differences in climate, soil type and crop history were most probably the 

reason for this scenario (Yeats, 2003; Hánĕl, 2003; Curtis et al. 2009). Fungivore 

nematode population densities and diversity were in general higher in CRSs under 

CA compared to monoculture maize under CTA (MMMM/CTA) and was evident for 

both localities. Similar observations were also evident for predators since higher 

carni- and omnivore population densities and diversity were recorded for CRS under 

CA compared to CTA. This is an indication that soils at both sites benefited where 

CA was practised in terms of the enhancement of non-parasitic nematode 

assemblages. These results are in agreement with those by McSorley & Frederick 

(1999). These authors reported that maize stubble, which had higher C:N ratios than 

panicum grass (Panicum texanum) and velvet bean (Mucuna pruriens), resulted in 

high bacterivore population densities during a CA maize-based greenhouse trial in 

Gainesville, Florida (USA). Because of the high C:N ratio in maize, decomposition 

proceeded over a longer period and provided a food source for the bacterivores 

(Hánĕl, 2003). Furthermore, Neher (1999) observed during a study in the Piedmont 

region (North Carolina, USA) that bacterivores were the most abundant nematodes 

present in both organically and conventionally managed soils in a maize-based crop 

system (Neher, 1999). However, the results of this study are in contrast to what was 

reported by Hánĕl (2003) who showed in a field study in south-east Moravia, Czech 

Republic that soils in which both maize and sunflower were grown maintained lower 

non-parasitic nematode population levels. Marais et al. (2009) also reported that 

non-parasitic nematode population densities remained very low in a maize-based 

CA-trial in the KwaZulu-Natal Province of South Arica.  
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Despite the higher diversity and population densities of non-parasitic nematodes in 

CA compared to CTA fields in this study, the soil-food web structures at Buffelsvallei 

and Erfdeel in general represents resource-depleted soil nematode communities. A 

possible explanation for this scenario could be that non-parasitic nematode diversity 

decreased with disturbances (Freckman & Ettema, 1993; Yeates & Bird, 1994). Even 

though CA implies minimum disturbance of soil, the application of synthetic fertilizers 

as well as herbicides could still affect the population densities and diversity of the 

nematodes. Furthermore, soils in which CTA maize were grown remained in 

Quadrant D throughout the duration of this study, except during the first season 

(2010/2011) at Buffelsvallei when these fields were plotted in Quadrant A. This 

quadrant is indicative of enriched, but unstructured soil nematode communities 

(Ferris et al., 2001). With regard to CRSs under CA, soil food-web structures varied 

between the different seasons, but the majority of the systems were plotted in 

Quadrant A. These soils are enriched but unstructured and often correlated with 

management practices where fertilizers (Benkovic-Lacic et al., 2013) and pesticides 

are applied (Sánchez-Moreno et al., 2009). This is currently the only explanation for 

this scenario. Benkovic-Lacic et al. (2013), for example reported that mineral 

fertilizers (NPK, 6:18:36) reduced population levels and diversity of omnivores. 

Furthermore, these authors suggested that the occurrence of predatory nematodes 

in general is low or that they are absent in agricultural soils due to their sensitivity to 

soil disturbances and chemical amendments (Bongers, 1990; Habig et al., 2015).  

 

Soil-food web structures demonstrated that the different crops used in this study had 

different effects on the non-parasitic nematode communities. Although a few of the 

soil samples from CRSs of the Buffelsvallei trial initially plotted in Quadrant B, 

representing stable and enriched nematode food-webs (Ferris et al., 2001), these 

plots shifted and ended in Quadrant A at the end of the trial period. Only CRS 5M at 

Erfdeel plotted in Quadrant B during the 2013/2014 season and was indicative of 

soils from natural fields or where minimal mechanical and chemical disturbances 

occurred (Ferris et al., 2001). This CRS represented a CA practices in which maize 

were included twice during the trial period. Soils that plot in quadrant B is optimal in 

terms of soil quality according to the use of nematodes as bio-indicators and should 

be the aim of farmers in terms of enhancing the soil quality of their fields. Still related 

to food-web structures, Minton (1986) and Mulder et al. (2005) reported that 
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nematode trophic levels do not provide the most accurate reflection of the 

community structure or changes that might occur within such complexes. Results 

from this study are in agreement with reports by the latter authors and showed that 

when considering non-parasitic nematode genera, pronounced differences were 

observed between CRS. For example, at Buffelsvallei the genus Teratocephalus was 

identified only in soil samples collected from the CA maize-sunflower rotations, 

whereas Chiloplacus only occurred in soil samples from the CA maize-cowpea 

rotations. Teratocephalus (cp-3) is indicative of mature food webs, while Chiloplacus 

indicates basal food webs since this genus has a cp-value of 2 and can survive in 

most adverse conditions (Ferris & Bongers, 2009). 

 

Nematode data obtained from this study suggested that factors other than cultivation 

(CTA) or minimum cultivation (CA), environmental conditions and CRS could also 

have influenced non-parasitic nematode population density and diversity at both 

experimental localities. Environmental conditions most probably played a major role 

regarding the fluctuations of non-parasitic nematode population densities at both 

localities since non-parasitic nematode numbers decreased during the severe 

drought season of 2012/2013 growing season in all the different CRSs regardless of 

the cultivation practice used. Below average rainfall, 308 (Buffelsvallei) and 327 

(Erfdeel) mm until the 100 day sampling interval, was experienced during this 

season. It is known that rain and soil moisture affect soil nematode communities 

adversely (Hánĕl, 2003; Curtis et al., 2009)  

 

Extensive research in terms of CA in particular is needed on a longer term, than was 

done for this four-year study, to generate more information about the changes in 

non-parasitic nematode densities and their diversity under local environmental 

conditions. Viable solutions could only then be identified to improve soil quality and 

optimise the use of non-parasitic nematodes as bio-indicators for this parameter. 
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CHAPTER 6 

 

Associations of nematode assemblages with maize yield and soil chemical 

parameters 

 

Abstract 

Conservation agriculture (CA) has been adopted successfully in various countries in 

North- and South-America, while its use in South Africa is limited but increasing 

steadily. Local farmers have, for example recorded a mean yield increase of 34 % 

during the first 5 years of practising CA for grain farmers. Taking into consideration 

the factors known to influence maize yields in areas where nematode pests occur, 

the main objective of this study was to investigate and determine how plant-parasitic 

nematodes affect maize yields under CA compared to conventional (CTA) practices. 

In the second place, the effects of different soil chemical parameters on the 

nematode assemblages (plant- and non-parasitic nematodes) were determined. Two 

rain-fed field trial sites, Buffelsvallei (sandy-loam soil) and Erfdeel (sandy soil) were 

used for this study. At these sites, CA and CTA maize monoculture were practised, 

while maize was also rotated with cowpea, pearl millet and sunflower in different 

crop-sequence combinations. Rhizosphere soil samples for nematode analyses were 

obtained during each growing season from all plots at as well as 60 and 100 days 

after planting. A negative correlation was observed between maize yield and 

Rotylenchulus parvus at Erfdeel. Positive correlations existed at Buffelsvallei 

between organic matter (%C) and both plant-parasitic (including Nanidorus minor 

and Scutellonema brachyurus) and non-parasitic nematodes (including 

Panagrolaimidae, Cephalobidae, Dorylaimidae and Tylenchidae families). 

Furthermore, at Buffelsvallei a positive correlation was also observed between 

sodium (Na) and Rhabditidae (non-parasitic nematode) as well as between 

phosphate (P) and the non-parasitic families Cephalobidae and Aphelenchidae. 

Further investigation is needed to elucidate nematodes and associations between 

maize yields, and soil chemical parameters under maize-based cropping systems.  

 

Keywords: Conservation agriculture, non-parasitic nematodes, plant-parasitic 

nematodes, maize yield, soil chemical parameters 
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1. Introduction 

Conservation agriculture (CA) are practised successfully in various countries in 

North- and South-America, while its use in South Africa is limited but increasing 

steadily (Giller et al., 2009; Marais et al., 2009; Habig et al., 2015). In South Africa 

the adoption of CA by local producers varies between the different provinces. For 

example, in the Western Cape more than 70 % of the farmers are practicing CA 

(Table 6.1) (Engelbrecht, 2016). On the other hand in the sandy soils of the Free 

State province less than 1 % of the farmers adopted CA (Engelbrecht, 2016). The 

adoption of CA was particularly successful in KwaZulu-Natal among both grain and 

sugarcane farmers, being approximately 60 % (Du Toit, 2007; Engelbrecht, 2016). 

Since its inception 20 years ago, the adoption of CA has spread to other provinces in 

South Africa, including Free State, Western Cape and North West (Du Toit, 2007). 

The main benefits of practising CA are reported as the improvement of crop yields, 

soil fertility and soil quality. Numerous research projects have been done particularly 

in Canada and the United States of America (USA) on crop yield differences 

between CA and conventional tillage (CTA), with results often being contradictory 

(Cullum, 2012). In South Africa a yield increase of 34 % have been experienced by 

CA grain farmers during the first five years of changing to this practice (Du Toit, 

2007). Furthermore, CA practices reduce soil erosion and require less labour inputs 

(Giller et al., 2009). However, it is not clear which one or combination of the three 

principles (viz. minimum soil disturbance, crop rotation and soil cover) of CA 

contributes predominantly to the improvements referred to above (Giller et al., 2009).  

 

The ultimate aim of growing crops is to obtain the highest yield and/or quality of 

produce, which in turn results in higher profits for producers (Tilman et al., 2002). 

Plant-parasitic nematode assemblages represent one of the biggest constraints to 

producers, impacting adversely on the crop yield or quality (or both) of produce. 

Numerous articles have been published on crop yield and or quality (or both) losses 

inflicted by infection of economically important nematode pests (Mc Donald & 

Nichols, 2005; Jones et al., 2013), particularly for maize (Walters, 1979; Zondagh & 

Van Rensburg, 1983; Mc Donald & De Waele, 1987; Van Rensburg, 1988; Keetch, 

1989; Riekert, 1996a; Riekert & Henshaw, 1998). Yield losses for maize in the order 

of 12.3 % have, for example been reported from various countries/worldwide as a 

result of parasitism by Meloidogyne Goeldi, 1887, Pratylenchus Filipjev, 1936 and 
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other genera (Hassan et al., 2013; Sing et al., 2015). In South Africa yield loss in 

maize production due to Meloidogyne in particular is estimated between 10 and 60 

% (Riekert, 1996a; Riekert, 1996b; Riekert & Henshaw, 1998). 

 

Non-parasitic nematodes play a very important indirect role in the production of 

crops. For successful crop production, nutrient management is of great importance 

to ensure sustainability (DuPont et al., 2009). The addition of over 82 million nitrogen 

(N) mg/year worldwide (DuPont et al., 2009) indicates a high reliance on N-based 

fertilizers. Non-parasitic nematodes, feeding on bacteria and fungi, play an important 

role in the turnover of microbial biomass in soils (Yeates, 2003; Mulder et al., 2005). 

By feeding on the microbial decomposers, bacteri- and fungivore nematodes excrete 

N into the soil which is hence available to crops (De Ruiter et al., 1993; Neher, 2001; 

Yeates, 2003, Mulder et al., 2005). Non-parasitic nematodes and other soil fauna 

can contribute to approximately 40 % of nutrient mineralisation in soil ecosystems 

(De Ruiter, 1993; Yeates, 2003). It is further estimated that bacterivores and 

predatory nematodes may contribute between eight and 19 %, respectively, of N 

mineralisation in CTA and integrated farming systems (Neher, 2001).  

 

Soil nematode densities, dynamics and distribution are affected by various edaphic 

factors (McSorley, 1998), such as soil texture (Fourie et al., 2001; Hánĕl, 2003; 

Monfort et al, 2007) and nutrients (McSorley, 1998). Furthermore, abiotic 

parameters, e.g. soil moisture, water-holding capacity, organic carbon (hereafter 

referred to as %C) levels to name a few, which are related to the macro-climates 

(such as temperature and humidity) of ecosystems also affect soil nematode 

communities (Levi et al., 2012). For example, the latter authors reported that 

nematode densities in samples obtained along a 245 km climate gradient from North 

to South in Israel; in general tend to decline under arid conditions. This decline in 

nematode population densities was directly related to the moisture levels, water-

holding capacity and %C content of these soils.  

 

Different agricultural practises such as tillage and no- or minimum till also effect soil 

nematode communities, with results being inconsistent (Cabanillas et al., 1999; Noel 

& Wax, 2003; Wang et al., 2004; LaMondia, 2006; Habig et al., 2015). Therefore, it is 

suggested that factors other than those mentioned above as well as crop rotation 
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(Noel & Wax, 2003), may have a marked influence on soil nematode communities. 

Taking into consideration the factors known to influence crop yields where nematode 

pests occur, the aim of this study was to investigate and determine i) whether 

correlations existed between the incidence of plant-parasitic nematodes and maize 

yield and ii) the effect of different soil chemical parameters on soil nematode 

communities. For the purpose of this study, the effects of CA and CTA in terms of 

maize yield were not done. Only nematode parameters were used to study the effect 

of such parameters (yield and soil chemical). 

 

2. Material and methods 

2.1 Trial sites 

The same trial sites (Buffelsvallei and Erfdeel) as well as procedures for trial 

preparation and the planting of crops were used for the purpose of this study as 

described in Chapter 4, Paragraph 2.1. The same applied for the cropping 

sequences used during this four-year study. 

 

2.2 Extraction of nematodes from rhizosphere soil samples 

The extraction of plant- and non-parasitic nematodes from rhizosphere soil (200 g) 

and roots (5 and 50 g) was done as described in Chapter 4, Paragraph 2.2. 

 

2.3 Identification of plant- and non-parasitic nematodes 

Plant- and non-parasitic nematodes were counted, fixed, mounted on microscope 

slides and identified as described in Chapter 4, Paragraph 2.3. 

 

2.4 Soil chemical parameters 

Except for the soil samples obtained for nematode extractions, additional soil 

samples were also collected for chemical and physical analyses. No repeated 

measurements within each of the plots were taken for soil physical parameters and 

therefore no statistical analyses could be conducted, which hence warrants no 

further discussion. For the chemical soil parameters, analyses were conducted by 

the analytical laboratory of the Agricultural Research Council‟s Institute for Industrial 

Crops (IIC) (North-West Province, South Africa). For pH (KCl), potassium chloride 

was used as the reagent (McLean, 1973). The phosphate (P) levels were measured 

using the Bray 1 method (Bray & Kurtz, 1945). Levels of exchangeable cations 



220 

(including K, Ca, Na and Mg) were analysed using the ammonium acetate method 

(Schollenberger & Simon, 1945). The aluminium (Al) levels in the soil samples were 

measured using KCl on a mass basis (Thomas, 1982). For %C the soil samples 

were oxidised with a hot mixture of potassium dichromate and sulphuric acid as 

described by Walkley (1935). 

 

2.5 Statistical analysis  

2.5.1 Correlations between plant-parasitic nematodes and maize yield as well plant- 

and non-parasitic nematodes and soil chemical parameters 

A correlation matrix (Statistica Version 13, StatSoft, 2015) was used to determine 

whether any significant associations existed between the plant-parasitic nematode 

data and yield, as well as between both plant- and non-parasitic nematodes and the 

soil chemical parameters measured. For these analyses, the data for nematodes 

(roots and soil), maize yield and soil chemical parameters were pooled over the four 

seasons. 

 

2.5.2 Principal Component Analyses (PCA) and co-inertias 

In order to complement analyses done by means of Statistica (see Paragraph 2.5.1), 

PCA analyses were done for the nematode and soil chemical parameters measured 

(Hotelling, 1933; Thioulouse et al.,1997). The data for such parameters were pooled 

over the four growing seasons of the study. To reveal any relationships that might 

have occurred between the nematode genera/species and maize yield, and the 

respective soil parameters, factorial maps were drawn by means of co-inertia 

analyses. 

 

3. Results 

3.1 Association between plant-parasitic nematode assemblages and maize yields  

3.1.1 Buffelsvallei 

3.1.1.1 Cowpea included as rotational crop 
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Table 6.1: Summary of significant correlations (P < 0.05) between the different number of plant-

parasitic nematodes per 200 g soil and maize yield at Buffelsvallei for the duration of the study from 

monoculture maize cropping systems as well as maize rotated with cowpea and pearl millet included. 

Correlation Nematode genera/species vs maize yield n* r** p-value 

200 g Soil Rotylenchulus parvus 48 0.422 < 0.0001 

 Criconemoides spp. 48 0.323 0.03 

*n = number of observations made; **r = correlation coefficient 

 

The correlation matrix analyses (Table 6.1), showed that significant positive, but 

weak (r < 0.5) correlations existed between Rotylenchulus parvus (Williams, 1960) 

Sher, 1961 and Criconemoides spp. Taylor, 1936 that were present in soil samples 

only and maize yield, respectively. No correlations existed between the numbers of 

any of the plant-parasitic nematodes in roots (50- and 5 g) and maize yield. 

 

3.1.1.2 Sunflower included as rotational crop 

Table 6.2: Summary of significant correlations between the different number of plant-parasitic 

nematodes per 200 g soil and maize yield at Buffelsvallei for the duration of the study from 

monoculture maize cropping systems as well as maize rotated with sunflower and pearl millet 

included. 

Correlation Nematode genera/species vs. maize yield n* r** p-value 

200 g Soil Rotylenchulus parvus 40 0.434 0.005 

*n = number of observations made; **r = correlation coefficient 

 

According to the correlation matrix analyses a significant positive, but weak (r < 0.5) 

correlation existed between R. parvus (soil) and maize yield (Table 6.2). No 

correlations existed between the numbers of any of the plant-parasitic nematodes in 

roots (50- and 5 g) and maize yield. 
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3.1.2 Erfdeel 

Table 6.3: Summary of significant correlations between the different number of plant-parasitic 

nematodes per 50 g roots and 200 g soil and maize yield at Erfdeel for the duration of the study from 

monoculture maize cropping systems as well as maize rotated with cowpea and pearl millet included. 

Correlation Nematode genera/species vs. maize yield n* r** p-value 

50 g Roots Rotylenchulus parvus 64 -0.528 <0.0001 

200 g Soil Pratylenchus spp. 64 0.332 0.01 

 Meloidogyne incognita 64 0.328 0.01 

 Tylenchorhynchus goffarti 64 0.316 0.01 

 Total plant-parasitic nematode genera/species 64 0.383 0.002 

*n = number of observations made; **r = correlation coefficient 

 

Positive correlations occurred between Pratylenchus spp. (soil), Meloidogyne 

incognita (Kofoid & White, 1919) Chitwood, 1949 (soil), Tylenchorhynchus goffarti 

Sturhan, 1966 (soil) as well as the total number of plant-parasitic nematodes 

numbers per 200 g soil and maize yield. These correlations were, however weak (r < 

0.5). On the other hand, a significant negative and strong (r > 0.5) correlation 

occurred between R. parvus (50 g roots) and maize yield. 

 

3.2 Associations between both plant-parasitic and non-parasitic nematode 

assemblages, and soil chemical parameters 

To identify trends in terms of associations between soil chemical parameters and 

nematode assemblages (plant-parasitic and non-parasitic), the data of PCA analyses 

are provided first. The factorial graphs illustrate by means of factorial plans how the 

various variables (soil chemical) contributed to the differences between different 

plant- and non-parasitic nematodes. This was done by means of applying co-inertia 

analyses (Figs. 3.1A-D). Therefore, the graphs can be discussed in relation to one 

another for each factor (soil chemical parameters vs. plant-parasitic nematodes, and 

soil chemical parameters vs. non-parasitic nematodes). The parameters that plotted 

on the same sides in both sets of graphs are positively correlated while factors that 

plotted on opposite sides of the graphs represent negative relationships with those 

on the positive side. The factors that have the greatest impact on nematode 

assemblages are those that plotted furthest away from the centre of the F1 and F2 

axis, and are those that will be focused on. The nature of association between yield, 

soil chemistry parameters and nematodes are further illustrated in Figs. 3.2A and 
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3.2B. The circles indicate a positive correlation while the squares show a negative 

relationship. 

 

3.2.1 Buffelsvallei 

3.2.1.1 Cowpea as part of the rotation 

3.2.1.1.1 Plant-parasitic nematodes 

The majority of soil parameters (e.g. %C, P, Na, pH, Mg, Ca en K,) plotted along the 

F1 axis, with the same phenomenon apparent for plant-parasitic nematodes 

(Scutellonema brachyurus (Steiner, 1938), R. parvus, Helicotylenchus dihystera 

(Cobb, 1893) Sher, 1961, Rotylenchus unisexus Sher, 1965, Pratylenchus, 

Nanidorus minor (Colbran, 1956) Siddiqi, 1974), Meloidogyne and Dorylaimellus 

Cobb, 1913) present in rhizosphere soil samples (Figs. 6.1A and 6.1B). The biplots, 

however also showed the opposite placement of the %C, P, Na and pH, on one side 

and acid saturation (AcidSat) and Al on the other side. A similar phenomenon was 

observed for the different plant-parasitic nematode species, with the opposite 

placement of S. brachyurus, R. unisexus, H. dihystera, R. parvus, Pratylenchus, N. 

minor, Meloidogyne on one side and Dorylaimellus, Longidorus pisi Edward, Misra & 

Singh, 1964 and Tylenchorhynchus Cobb, 1913 on the other side.  

 

The %C (Fig. 6.2) is suggested as the soil parameter that had the biggest influence 

on plant-parasitic nematode assemblages. It, for example, showed a strong 

correlation with N. minor and Hoplolaimidae (S. brachyurus, H. dihystera and R. 

unisexus) since plots with the highest %C corresponded to those where the highest 

population densities of N. minor, S. brachyurus and H. dihystera were present (Fig. 

6.2). The %C was also correlated positively with Pratylenchus spp., R. unisexus and 

R. parvus, but to a lesser extent with Meloidogyne spp. and Dorylaimellus. By 

contrast, L. pisi is suggested to be negatively correlated to %C, while it, as well as 

Tylenchorhynchus spp. was positively associated to Al and AcidSat (Fig. 6.2). 

 

Significant correlations between soil chemical and nematode assemblages are listed 

in Table 6.4. As with the PCA results, the %C generally resulted in positive 

correlations with most of the plant-parasitic nematode assemblages. These 

correlations were weak except for N. minor and %C. Interesting from these analyses 

is, however, the positive but weak correlations recorded between Na and H. 
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dihystera, R. parvus and Meloidogyne. The same was true for P and S. brachyurus, 

N. minor, R. parvus, and Al and AcidSat for Tylenchorhynchus and L. pisi. Various 

negative, but also weak, correlations were also recorded, e.g. between Na and L. 

pisi, and Al and acid saturation for H. dihystera. 
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Figs. 6.1A and 6.1B: Soil chemical (6.4A) and plant-parasitic (6.4B) and nematode factorial plans in 200-g soil samples collected at Buffelsvallei CA trial site, 100 days after 

planting during the different growing seasons (2010-2014) from monoculture maize as well as crop systems which included maize, cowpea and pearl millet. 
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Fig. 6.2: Co-inertia analysis between plant-parasitic nematode genera and species and soil chemical 

parameters measured from 200-g soil samples collected at Buffelsvallei CA trial site, 100 days after 

planting during the different growing seasons (2010-2014) from monoculture maize as well as crop 

systems which included maize, cowpea and pearl millet. Only strong correlations are referred to by 

means of green oval indicating a strong, positive correlation, whilst the red ovals show strong, 

negative correlations between the nematodes identified and the soil parameters. 
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Table 6.4: Significant correlation coefficients (r-value) between the number of different plant-parasitic 

nematodes per 200 g soil and soil chemical parameters collected at Buffelsvallei for the duration of 

the study from monoculture maize cropping systems as well as maize rotated with cowpea and pearl 

millet included. 

Nematode genus/family 
pH 

(KCl) 
P K Mg Na Al AcidSat %C 

Helicotylenchus dihystera    0.235 0.210 -0.188 -0.198 0.326 

Rotylenchus unisexus 0.241  0.193     0.210 

Scutellonema brachyurus 0.229 0.245      0.400 

Nanidorus minor 0.247 0.203  0.208    0.501 

Pratylenchus 0.197   0.216    0.476 

Rotylenchulus parvus 0.188 0.195   0.225   0.341 

Longidorus pisi     -0.216 0.298 0.337  

Dorylaimellus        0.240 

Meloidogyne javanica     0.319    

Tylenchorhynchus       0.259  

 

3.2.1.1.2 Non-parasitic nematodes 

Most of the soil parameters (%C, pH, P, Mg, Al and acid saturation) were situated 

along the F1 axis, with a similar scenario for the non-parasitic nematode families 

(Figs. 6.3A and 6.3B).  

 

The %C, followed by pH and P, is suggested to have the biggest influence on the 

non-parasitic nematode families Cephalobidae, Panagrolaimidae, Tylenchidae, 

Dorylaimidae, Anguinidae (Ditylenchus spp.) and Alaimidae (in descending order) 

(Fig 6.4). Hence the highest population levels of Cephalobidae and 

Panagrolaimidae, for example, were present on plots with the highest %C (Fig. 6.4). 

Conversely, Plectidae populations were mostly influenced by Al and acid saturation 

(positive correlated) and least by the %C, pH, P, Mg, Na, K and Ca (negatively 

correlated). This means that highest numbers of Plectidae individuals, for example, 

occurred on plots were high acid saturation and Al levels were present. On the F2 

axis K, followed by Ca had the strongest effect on Monhysteridae in particular and to 

a lesser extent on Aphelenchoididae, Rhabditidae and Neotylenchidae (Fig. 6.4).  
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Figs. 6.3A and 6.3B: Soil chemical (6.6A) and non-parasitic (6.6B) nematode factorial plans in 200-g soil samples collected at Buffelsvallei CA trial site, 100 days after 

planting during the different growing seasons (2010-2014) from monoculture maize as well as crop systems which included maize, cowpea and pearl millet. 
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Fig. 6.4: Co-inertia analysis between non-parasitic nematode families and soil chemical parameters 

measured from 200-g soil samples collected at Buffelsvallei CA trial site, 100 days after planting 

during the different growing seasons (2010-2014) from monoculture maize as well as crop systems 

which included maize, cowpea and pearl millet. Only strong correlations are referred to by means of 

green oval indicating a strong, positive correlation, whilst the red ovals show strong, negative 

correlations between the nematodes identified and the soil parameters. 

 

Significant correlations between soil chemical and nematode assemblages are listed 

in Table 6.5, with the majority being rather weak (r < 0.5). The association between 

%C and Panagrolaimidae and Cephalobidae was however stronger (r ≥ 0.5). 

Furthermore, as with the PCA results, the %C, pH and P generally resulted in the 

positive correlations between most of the non-parasitic nematode assemblages. 

Interesting from these analyses is, however, the negative correlation between 

Plectidae and most of the soil parameters (including %C, pH, P and Mg). However 

such associations were rather weak.  
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Table 6.5: Significant correlation coefficients (r-value) between the number of different non-parasitic 

nematodes per 200 g soil and soil chemical parameters collected at Buffelsvallei for the duration of 

the study from monoculture maize cropping systems as well as maize rotated with cowpea and pearl 

millet included. 

Nematode family pH (KCl) P K Ca Mg Na Al %C 

Rhabditidae 0.216 0.271 0.190   0.569 -0.192 0.380 

Panagrolaimidae 0.298 0.318      0.500 

Cephalobidae 0.423 0.375   0.298   0.625 

Aphelenchidae 0.425 0.437   0.237   0.478 

Aphelenchoididae 0.352 0.336   0.198 0.207  0.384 

Plectidae -0.248 -0.266   -0.186   -0.283 

Monhysteridae 0.265 0.315 0.461 0.300   -0.186  

Dorylaimidae 0.225       0.454 

Tylenchidae 0.254    0.214   0.467 

Anguinidae      0.252  0.303 

 

3.2.1.2 Sunflower as part of the rotation 

3.2.1.2.1 Plant-parasitic nematodes 

The majority of soil parameters (e.g. %C, pH, Mg, P, Na, Ca and K) plotted on along 

the F1 axis, with the same scenario being evident for the plant-parasitic nematodes 

(except Tylenchorhynchus spp.) present in rhizosphere soil samples (Fig. 6.5A and 

6.5B). The biplots, however, also show the opposite placement of acid saturation 

(AcidSat) and Al compared to the rest of the soil parameters. A similar scenario 

occurred for the different plant-parasitic nematode genera/species, with 

Tylenchorhynchus spp. being placed opposite to the rest of the other nematode 

pests. It was observed that %C was the soil physical parameter that had the biggest 

influence on plant-parasitic nematode assemblages (Fig. 6.6). It was, for example, 

the strongest correlated with most of the plant-parasitic nematode species and 

particularly with S. brachyurus and N. minor. Thus, higher population densities of S. 

brachyurus and N. minor (as well as other plant-parasitic nematodes) occurred when 

high levels of %C occurred. By contrast, Tylenchorhynchus spp. was positively 

associated with Al and acid saturation whilst the other plant-parasitic nematode 

species correlated negatively with these two parameters (Fig. 6.6). 
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Figs. 6.5A and 6.5B: Soil chemical (6.8A) and plant-parasitic (6.8B) nematode factorial plans in 200-g soil samples collected at Buffelsvallei CA trial site, 100 days after 

planting during the different growing seasons (2010-2014) from monoculture maize as well as crop systems which included maize, sunflower and pearl millet. 
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Fig. 6.6: Co-inertia analysis between plant-parasitic nematode genera and species, and soil chemical 

parameters, respectively, measured from 200-g soil samples collected at Buffelsvallei CA trial site, 

100 days after planting during the different growing seasons (2010-2014) from monoculture maize as 

well as crop systems which included maize, sunflower and pearl millet. Only strong correlations are 

referred to by means of green oval indicating a strong, positive correlation, whilst the red ovals show 

strong, negative correlations between the nematodes identified and the soil parameters. 

 

As with the PCA results, the %C generally resulted in positive, weak (r < 0.5) 

correlations with most of the plant-parasitic nematodes (Table 6.6). However, strong 

correlations (r > 0.5) between %C and S. brachyurus and N. minor was evident. 

Interesting from these analyses was, although rather weak, the positive correlation 

recorded between Al and acid saturation, and the numbers of Tylenchorhynchus 

spp.  
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Table 6.6: Significant correlation coefficients (r-value) between the numbers of different plant-parasitic 

nematodes per 200 g soil and soil chemical parameters collected at Buffelsvallei for the duration of 

the study from monoculture maize cropping systems as well as maize rotated with sunflower and 

pearl millet included. 

Nematode 

genera/species 

pH 

(KCl) 
P Ca Mg Na Al AcidSat %C 

Helicotylenchus dihystera    0.223    0.299 

Scutellonema brachyurus 0.322 0.270    -0.233  0.616 

Nanidorus minor 0.362   0.281    0.575 

Pratylenchus    0.295    0.404 

Rotylenchulus parvus  0.377   0.268   0.283 

Dorylaimellus        0.278 

Tylenchorhynchus   -0.254   0.401 0.429  

 

3.2.1.2.2 Non-parasitic nematodes 

Most of the soil parameters (e.g. %C, pH, Na and K) were situated on the F1 axis, 

with a similar scenario being evident for the non-parasitic nematode families (Fig. 

6.7A and 6.7B). The %C had the greatest influence on the non-parasitic nematode 

families. These families include Cephalobidae, Aphelenchidae, Aphelenchoididae, 

Tylenchidae, Rhabditidae, Dorylaimidae, Anguinidae and Panagrolaimidae (Fig. 6.8). 

This means of the latter nematode families hence had high population densities in 

plots with high %C levels. Conversely, Plectidae populations were negatively 

influenced by %C, P and pH. Thus, population levels of Plectidae were lower in plots 

where the latter soil parameters levels were high. 
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Figs. 6.7A and 6.7B: Soil chemical (6.10A) and non-parasitic (6.10B) nematode factorial plans in 200-g soil samples collected at Buffelsvallei CA trial site, 100 days after 

planting during the different growing seasons (2010-2014) from monoculture maize as well as crop systems which included maize, sunflower and pearl millet. 
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Fig. 6.8: Co-inertia analysis between non-parasitic nematode families, and soil chemical parameters 

measured from 200-g soil samples collected at Buffelsvallei CA trial site, 100 days after planting 

during the different growing seasons (2010-2014) from monoculture maize as well as crop systems 

which included maize, sunflower and pearl millet. Only strong correlations are referred to by means of 

green oval indicating a strong, positive correlation, whilst the red ovals show strong, negative 

correlations between the nematodes identified and the soil parameters. 

 

As with the PCA results, the %C generally correlated positively, but weak (r < 0.5) 

with most of the non-parasitic nematode genera/species (Table 6.7). However, 

strong (r ≥ 0.5) correlations between %C and Cephalobidae, Dorylaimidae and 

Tylenchidae did occur. Strong, positive correlations also occurred between P and 

Cephalobidae and Aphelenchidae as well as between Na and Rhabditidae. 

Interestingly, negative correlations were recorded between the family Plectidae and 

pH, P, Mg and %C. However, these correlations were weak. Similarly, the family 

Teratocephalidae also had negative, but weak correlations with pH, Mg and %C. 
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Table 6.7: Significant correlation coefficients (r-value) between the numbers of different non-parasitic 

nematodes per 200 g soil and soil chemical parameters collected at Buffelsvallei for the duration of 

the study from monoculture maize cropping systems as well as maize rotated with sunflower and 

pearl millet included. 

Nematode family pH (KCl) P Mg Na Al AcidSat %C 

Rhabditidae  0.354  0.514   0.304 

Panagrolaimidae 0.258 0.270    0.236 0.331 

Cephalobidae 0.395 0.655     0.552 

Teratocephalidae -0.297  -0.314  0.236 0.228 -0.226 

Aphelenchidae  0.600    0.228 0.414 

Aphelenchoididae  0.343     0.495 

Plectidae -0.321 -0.245 -0.224    -0.354 

Dorylaimidae 0.356  0.273    0.525 

Tylenchidae 0.413      0.506 

Anguinidae    0.299   0.372 

 

3.2.2 Erfdeel 

3.2.2.1 Plant-parasitic nematodes 

The majority of the soil parameters (e.g. %C, K, acid saturation, Mg, Al and pH) 

plotted along the F1 axis, with the same scenario being evident for plant-parasitic 

nematodes (T. goffarti, M. incognita, Pratylenchus, C. sphaerocephalus and N. 

minor) present in the rhizosphere soil samples (Fig. 6.9A and 6.9B). The biplots, 

however also showed that %C and pH plotted opposite to Na. The percentage 

carbon (%C) is suggested as the soil physical parameter that had the biggest 

influence on plant-parasitic nematode assemblages (Fig. 6.10). It was, for example, 

the strongest correlated with Pratylenchus, T. goffarti, M. incognita and C. 

sphaerocephalus. In contrast, R. parvus correlated negatively with %C but positively 

with P (Fig. 6.10).  
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Figs. 6.9A and 6.9B: Soil chemical (6.12A) and plant-parasitic (6.12B) nematode factorial plans in 200-g soil samples collected at Erfdeel CA trial site, 100 days after planting 

during the different growing seasons (2010-2014) from monoculture maize as well as crop systems which included maize, cowpea and pearl millet. 
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Fig. 6.10: Co-inertia analysis between plant-parasitic nematode genera and species, and soil 

chemical parameters measured from 200-g soil samples collected at Erfdeel CA trial site, 100 days 

after planting during the different growing seasons (2010-2014) from monoculture maize as well as 

crop systems which included maize, cowpea and pearl millet. Only strong correlations are referred to 

by means of green oval indicating a strong, positive correlation. 

 

As with the PCA results, the %C generally resulted in the positive, but weak (r < 0.5) 

correlations with M. incognita, Pratylenchus, N. minor, T. goffarti and Hoplolaimidae. 

Interesting from these analyses were the negative correlation recorded between Na 

and N. minor as well as a positive correlation between acid saturation and 

Pratylenchus. However, both sets of correlations were weak.  
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Table 6.8: Significant correlation coefficients (r-values) between the numbers of different plant-

parasitic nematodes per 200 g soil and soil chemical parameters collected at Erfdeel for the duration 

of the study from monoculture maize cropping systems as well as maize rotated with cowpea and 

pearl millet included. 

Nematode genus/species P Na AcidSat %C 

Meloidogyne incognita    0.252 

Pratylenchus spp.   0.234 0.364 

Rotylenchulus parvus 0.283    

Nanidorus minor  -0.195  0.355 

Tylenchorhynchus goffarti    0.258 

Criconemoides sphaerocephalus 0.193    

Hoplolaimidae    0.252 

 

3.3.2.2 Non-parasitic nematodes 

Most of the soil parameters (except Na) were situated on the F1 axis, with a similar 

scenario for the non-parasitic nematode families (Fig. 6.11A and 6.11B). The %C, 

followed by K and Mg, had the greatest influence on the non-parasitic nematode 

families Panagrolaimidae, Cephalobidae, Aphelenchidae, Aphelenchoididae, 

Dorylaimida, Tylenchus and Monhysteridae (in descending order) (Fig. 6.12). Thus, 

the highest population levels of Panagrolaimidae and Cephalobidae, for example, 

were present in plots with the highest %C (Fig. 6.14B). Conversely, Plectidae 

populations were most influenced by Al, acid saturation and P (positively correlated) 

and least by the %C, K, Mg, pH and Ca (negatively correlated). This means that 

plots with low population levels of Plectidae individuals, for example, were those 

plots with high %C levels. Nonetheless, on plots with high acid saturation and Al 

levels high numbers of Plectidae occurred. On the F2 axis Na had the strongest 

effect on Rhabditidae and to a lesser extent Aphelenchoididae (Fig. 6.12) 
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Figs. 6.11A and 6.11B: Soil chemical (6.14A) and non-parasitic (6.14B) nematode factorial plans in 200-g soil samples collected at Erfdeel CA trial site, 100 days after 

planting during the different growing seasons (2011-2014) from monoculture maize as well as crop systems which included maize, cowpea and pearl millet. 
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Fig. 6.12: Co-inertia analysis between non-parasitic nematode families, and soil chemical parameters 

measured from 200-g soil samples collected at Erfdeel CA trial site, 100 days after planting during the 

different growing seasons (2011-2014) from monoculture maize as well as crop systems which 

included maize, cowpea and pearl millet. Only strong correlations are referred to by means of green 

oval indicating a strong, positive correlation, whilst the red ovals show strong, negative correlations 

between the nematodes identified and the soil parameters. 

 

As with the PCA results, the %C and K generally resulted in positive but weak (r < 

0.5) correlations with most of the non-parasitic nematode families with the exception 

of Plectidae (Table 6.9).  
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Table 6.9: Significant correlation coefficients (r-values) between the numbers of different non-parasitic 

nematodes per 200 g soil and soil chemical parameters collected at Erfdeel for the duration of the 

study from monoculture maize cropping systems as well as maize rotated with cowpea and pearl 

millet included. 

Nematode family pH (KCl) K Na Al %C 

Rhabditidae 0.197  0.367   

Panagrolaimidae  0.277 0.192 -0.203 0.451 

Cephalobidae  0.282  -0.202 0.459 

Plectidae  -0.188   -0.224 

Aphelenchidae  0.229   0.447 

Aphelenchoididae  0.201 0.200  0.234 

Dorylaimidae  0.239   0.268 

Enoplidae   -0.201   

Tylenchidae     0.204 
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4. Discussion and conclusions 

The presence of a significant, negative correlation between the predominant 

nematode pest R. parvus, parasitizing maize roots at Erfdeel, and yield suggests that 

this nematode pest may adversely affect maize yield. However, these data should be 

considered with caution since population densities of this species were relatively low 

(<850/50 g roots) throughout the duration of this study. Also, this phenomenon did 

not occur at Buffelsvallei for R. parvus. Although this nematode species is abundant 

in soils where crops are grown in South Africa (Kleynhans et al., 1996; Fourie et al., 

2001; Ntidi et al., 2012; Marais & Swart, 2015), no knowledge on its pathogenicity on 

maize or other crops exists. The same scenario exists for this nematode pest 

species worldwide and hence no substantiation for data obtained in this study is 

possible. Furthermore, it must be borne in mind that factors other than nematode 

pests (e.g. temperature, rainfall, other soil borne pests and diseases, and others) 

most probably also impacted on maize yield during this study. Another complicating 

factor in terms of interpretation of these data is that R. parvus was recorded for the 

first time during the 2012/2013 season at Erfdeel. Coincidentally the 2012/2013 

season was the beginning of a severe drought for South Africa and very low rainfall 

could also have attributed to low maize yield and not necessarily this nematode 

species on its own. However, statistical analyses showed no trend in this regard. To 

verify results obtained for the negative correlation recorded between R. parvus and 

maize yield at Erfdeel, it is hence proposed that research under prevailing conditions 

are conducted but with manipulation of the soil substrate. Microplot experiments 

should hence be done with varying initial inoculation densities of this pest being 

inoculated into soil that has been fumigated with a nematicide. The presence of R. 

parvus in single-species population can this way be investigated with regard to its 

pathogenicity on maize. 

 

The opposite phenomenon, namely that significant but weak (r < 0.5) positive 

correlations were observed between soil populations of R. parvus and maize yield 

where both cowpea and sunflower were included in CRS at Buffelsvallei, warrants no 

further discussion. Nonetheless, highest R. parvus populations per 200 g soil 

samples (approximately 2,200) were recorded during the onset of this study 

(2010/2011 season) after which it declined substantially towards the 2013/2014 

growing season (≤ 711), except in plots where sunflower and pearl millet were 
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included as rotation crops (approximately 1,153). Again, accurate and useful 

conclusions cannot be made based upon these results as explained for the Erfdeel 

experiment above. Positive but weak correlations between relatively low soil 

populations of M. incognita and Pratylenchus spp. and maize yield at Buffelsvallei 

are also interesting but also warrants no further discussion. Both the latter two plant-

parasitic nematodes are, however, economically important nematodes in local 

maize-based cropping systems (Riekert, 1996a; Riekert & Henshaw, 1998; Bekker et 

al., 2007; Fourie et al., 2011).  

 

The significant relationships between the different plant-parasitic nematodes and the 

soil chemical parameters that were observed at Buffelsvallei yielded novel 

information. The majority of the plant-parasitic nematodes had positive but weak 

relationship with most of the soil parameters. Organic matter (%C) did have strong 

positive correlations with N. minor when cowpea was included at Buffelsvallei. The 

same was evident for when sunflower was included where positive and strong 

correlations occurred between %C and S. brachyurus and N. minor. Organic matter 

(%C) improves the soil environment and thereby plant growth and ultimately crop 

productivity (Briar et al., 2016; Crow & Dunn, 2016). A number of studies have 

shown that organic matter reduces plant-parasitic nematode numbers (McSorley, 

1999; Pankhurst et al., 1999; Chauvin et al., 2015). Hence, as soon as the organic 

matter increased in soil, the plant-parasitic nematode densities decreased 

(McSorley, 1999; Pankhurst, et al., 1999; Chauvin et al., 2015). Results from this 

study however are in contrast to these reports with regard to the positive 

associations between organic matter (%C) and the nematode pests. On the other 

hand, Pen-Mouratov et al. (2010) noted during a study in Central Asia that 

Meloidogyne and Paratrichodorus spp. had positive correlations with these soil 

chemicals (including organic matter). South African soils (even the natural fields) 

have low organic matter, which varies between 0.2 and 2 % (Du Toit et al., 1994; Du 

Preez et al., 2011) and could be a possible reason why there was no negative 

associations between organic matter and the plant-parasitic nematodes identified. 

Associations between plant-parasitic nematodes and soil parameters at Erfdeel are 

in agreement with Wang et al. (2004). However, at this trial site most of the plant-

parasitic nematodes also had positive but weak correlation with organic matter and 

warrants no further discussion.  
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The correlation between non-parasitic nematode numbers and soil chemical 

parameters at Buffelsvallei resulted in these nematode families (including 

Panagrolaimidae, Cephalobidae, Dorylaimidae and Tylenchidae) having strong, 

positive associations with %C. Sodium also had positive and strong correlations with 

Rhabditidae at Buffelsvallei when either cowpea or sunflower was included. 

Furthermore, P had strong, positive correlations with Cephalobidae and 

Aphelenchidae. These results are generally in agreement with those by Wang et al. 

(2004) and Pen- Mouratov et al. (2010) who also noticed positive correlations 

between non-parasitic nematodes and soil chemicals (including organic matter (%C, 

N, K and P).  

 

Limited data exist under South African environmental conditions (and also globally) 

regarding associations between soil nematode communities and soil chemical 

parameters. This study revealed a number of interesting associations in this regard, 

but since most of them were weak more data should also be obtained over a longer 

period to obtain more accurate results. Therefore, this study together with others 

should continue for longer periods to enable nematologists and other experts, such 

as agronomists and plant pathologists to generate useful information on the effect of 

CA and nematode communities and how it is interlinked with yield and soil 

parameters.  
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CHAPTER 7 

 

Novel findings, conclusions and recommendations for future research on the 

effects of conservation agriculture on soil nematode communities. 

 

This study focused on nematode communities as bio-indicators of soil quality as well 

as determining the effect(s) of conventional (CTA) and conservation (CA) agricultural 

cropping systems under local environmental and crop producing conditions. 

Associations between plant-parasitic nematodes and maize yield, and environmental 

factors (e.g. soil chemical parameters), were also determined. The adoption of CA by 

producers in South Africa has been slow, but is increasing. Plant-parasitic 

nematodes, especially Meloidogyne and Pratylenchus spp., are a major problem 

pest for most producers in local maize producing areas. Although the use of 

nematicides remains the first choice to control these pests, the global withdrawal of 

Class I nematicides registered on maize is of concern. This situation necessitates 

investigations towards investigating alternative control methods. Furthermore, limited 

information is available with regard to the non-parasitic nematode communities 

within local agricultural soils, especially in maize-based cropping systems.  

 

The abundance of plant-parasitic parasitic nematodes identified from plots where CA 

was practised during this study, confirmed earlier reports that this approach alone is 

not an adequate means to reduce nematode pests substantially. Survey results, for 

example, showed that plant-parasitic nematodes occurred in high populations in 

maize roots under CA when compared to CTA. This is in agreement with several 

studies that have been done worldwide. Use of the modified NaOCl method to 

extract Meloidogyne spp. eggs and J2 from maize roots, resulted in eggs of 

Rotylenchulus also being extracted. These were identified and distinguished from 

those belonging to Meloidogyne for the first time. It has not been reported before that 

eggs of both these nematode pest genera were extracted, using the NaOCl method, 

and identified as those of two different genera. This was only possible by using a 

deoxyribonucleic (DNA) acid- based molecular technique. The „small‟ eggs present 

in samples hence belonged to the genus Rotylenchulus, while the „large‟ eggs were 

identified as those of Meloidogyne. This finding allowed the author from here 

onwards to routinely distinguish between the latter species in 50-g root samples of 
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maize sampled during the survey as well as maize and other crops used in the CA 

study. 

 

Data from the survey furthermore revealed that Rotylenchulus parvus dominated in 

maize roots (both CA and CTA) and not Meloidogyne as has been reported from 

previous research for CTA. It was also evident from this study that the uses of both 

morphological and molecular methods are crucial when identifying Meloidogyne spp. 

The various lesion nematode species (Pratylenchus spp.) that were present in maize 

roots are also in agreement with earlier reports. However, the dominance of 

Pratylenchus delattrei in CA maize roots is a unique finding since earlier reports 

have shown that Pratylenchus zeae is the dominant lesion nematode associated with 

maize under CTA maize production. With regard to the non-parasitic nematode 

assemblages, results varied between the two different agricultural practices. Non-

parasitic nematode families, viz. Cephalobidae and Aphelenchoidea, both occurred 

in high population densities in soils under both CA and CTA practices. However, 

while the genus Aphelenchus dominated in both CA and CTA ecosystems, 

Aphelenchoides was predominant in soils under CTA. Nevertheless, soils from 

natural veld (NV) sites contained higher non-parasitic nematode densities and 

diversity when compared to soils from both CA and CTA. In terms of soil-food web 

structures, the majority (83 %) of the samples (including those from NV) represented 

resource-depleted soil nematode communities. One possible explanation for this 

scenario could be the low organic (%C) content of local soils. Another reason could 

be the regular application of fertilizers and pesticides, which could have detrimental 

effects on predator nematode communities.  

 

For the CA trials it is accepted that environmental conditions (rainfall in particular) 

had a pronounced effect on the soil nematode communities at both trial sites. During 

the CA trials (Buffelsvallei and Erfdeel) it was evident that maize root and soil 

samples from plots on which CA was practised in general, maintained lower plant-

parasitic nematode densities than those from plots under monoculture CTA. 

Furthermore, non-parasitic nematode population levels increased in soils under CA 

compared to those under CTA. Results from the CA trials indicated that certain non-

parasitic and plant-parasitic genera/species/families could be useful indicators of soil 

quality. With regard to the correlations between the soil nematode assemblages and 
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soil chemical parameters, a number of interesting associations were revealed. 

Positive associations recorded between organic matter (%C) and Nanidorus minor 

and Scutellonema brachyurus were interesting since most plant-parasitic nematodes 

are reported to have negative associations with %C. Furthermore, the positive 

correlations between sodium (Na) and Rhabditidae, and P with both Cephalobidae 

and Aphelenchidae are useful. Weak, negative interactions for Plectidae with organic 

matter (%C), pH and phosphates (P) at Buffelsvallei %C, potassium (K) as well as 

magnesium (Mg) at Erfdeel warrants further investigation. More data should be 

obtained over a longer period of time to substantiate results. In terms of plant-

parasitic nematodes, weak associations between Longidorus pisi and 

Tylenchorhynchus with acid saturation in the sandy loam soils at Buffelsvallei 

warrants further investigations. At this stage this is not convincing, but is useful.  

 

Related to plant-parasitic nematode assemblages, the CA-trials revealed interesting 

and novel results. At Buffelsvallei R. parvus dominated in the root samples, which is 

in agreement with findings from the survey. This phenomenon has, however, not 

been reported before for maize or any other crop in South Africa. However, at 

Erfdeel Meloidogyne incognita was dominant in the 50-g root samples and is in 

agreement with earlier reports that this root-knot nematode species is the 

economically most important in local maize producing areas. These results are in 

agreement with those from earlier local studies since this genus has been reported 

as the most important and abundant nematode pest in local maize-based production 

areas. Towards the end of this study, however, R. parvus populations increased in 

densities at Erfdeel. With regard to lesion nematodes, P. zeae was the predominant 

nematode pest at Buffelsvallei and is in agreement with findings from other studies 

on maize. However, at Erfdeel another lesion nematode Pratylenchus teres 

dominated. This is an interesting and novel finding since P. zeae and Pratylenchus 

brachyurus (individually or in mixed populations) generally dominate in local maize-

based systems. Concerning other common plant-parasitic nematodes, the 

occurrence of Scutellonema brachyurus, Helicotylenchus dihystera and Nanidorus 

minor at both localities are in agreement with earlier reports for maize. Ultimately, 

results from this study showed that CA as such had no significant effect on the plant-

parasitic nematode densities present compared to CTA. However, the different crop 

sequence rotations had an effect on plant-parasitic nematode populations. For 
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example, when cowpea or sunflower were included as part of the sequence a 

decrease in most of the plant-parasitic nematode population densities occurred. It is 

also suggested that severe drought experienced during the 2012/2013 season had a 

pronounced, adverse effect on plant-parasitic nematode population densities at both 

CA trial sites.  

 

Despite the higher diversity and population densities of non-parasitic nematodes in 

CA compared to CTA fields in this study, the soil-food web structures at Buffelsvallei 

and Erfdeel in general represented resource-depleted soil nematode communities. 

Furthermore, according to the soil-food web structures, the different crops used in 

the CA trial also had different effects on the non-parasitic nematode communities. At 

Buffelsvallei, for example, maize maintained higher non-parasitic nematode 

population densities when in rotation with cowpea under CA than did monoculture 

CTA maize. However, when CA maize was rotated with cowpea and pearl millet the 

non-parasitic nematode densities decreased. On the other hand, sunflower and pearl 

millet in rotation both maintained higher non-parasitic nematode population densities 

than maize (both CA and CTA). At Erfdeel the CA maize field that was subjected to 

rotation with cowpea and pearl millet had higher non-parasitic nematode diversity 

than both monoculture maize (CA and CTA). Each of the different rotation crops 

(cowpea, sunflower and pearl millet) seemed to have provided a different food 

source for soil microbes. Therefore, the soil microbes may change with each crop 

which leads to a change in the non-parasitic nematode diversity and abundance.  

 

Positive correlations between the plant-parasitic nematodes and maize yield 

warrants no further discussion at this stage. More data are needed over a longer 

period of time before accurate conclusions can be made in this regard.  

 

Although novel and useful information about R. parvus as a nematode pest of maize 

and other rotation crops have been generated, its pathogenicity on these crops is still 

unknown. Nonetheless, results of this study showed that this nematode species can 

occur in high population densities in crop roots. It is hence recommended that more 

detailed studies be done with regard to R. parvus to elucidate its potential as a plant-

parasitic nematode of economic importance. For South Africa, information and 

knowledge regarding the effects of CA on plant- and non-parasitic nematode 
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communities are limited and fragmented. Results from worldwide studies where CA 

had been done for many years have shown that the effect of this agricultural practice 

on nematode pests was conflicting. Results from this study showed that differences 

in root- and soil nematode communities existed between maize fields under CA and 

those under CTA practices. Therefore, the generation of nematode (both plant- and 

non-parasitic) data for a considerable period of time is important and should hence 

be considered. By generating this kind of data, indications as to which factors (of 

which the majority are unknown at present) need to be addressed in order to restore 

soil quality can be determined. Ultimately, by understanding these factors, 

sustainable crop production can be achieved. Environmental data, for example, such 

as soil moisture and rainfall should also be obtained in future studies in order to get a 

better understanding of the effects of these parameters on the soil nematode 

communities. 
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Appendix I 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Amplification product of polymerase chain reactions (PCR) illustrating the DNA extracted from „large‟ and 

„small‟ eggs (white bands) that was present in 50-g root samples of maize from five of the eight localities sampled 

using the D2-D3 primer. HARTBF = Hartbeesfontein. 
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Figs. 2A & 2B: Amplification product of polymerase chain reactions (PCR) illustrating DNA extracted from „large‟ and 

„small‟ eggs (white bands) that was present in 50-g root samples of maize from eight localities sampled using the COI 

(white) and D2-D3 (yellow) primers. KRST = Kroonstad; LICHTB = Lichtenburg; HARTBF = Hartbeesfontein; OTSD = 

Ottosdal; VILJSKR = Viljoenskroon. 
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Rotylenchulus sp. sequences obtained using the D2-D3 primer  

>Buffelsvallei 

AACCGGTGAGGTGGAAACGGACAGAGCCGGCGTATCTGGCCCGTATTCAGCCATTGTACCTTG

GGCGTCAGGGAGGCTGTTCTCCAGATTGGGACAGTGATCTGACTGCTCTGGGGAAAGTGGTGC

ATTTGCGAGTGGAGTGCGCCGAGGTGGTCGGAACAGCGCCATGATCTCAGCTTTGAGGCCAGC

CCTTCGGGGACTGGTACCCGGGCTGGGGGATTGTTGTTTGCTCTGATTAAACAGGGGAGTGGTT

ATCGGGTTCGGTTGGGGGCCAAGTTGGCAGTCGGGGGCGGTCGCTTGCAACACGTGCCAGGG

GTCATTTCGGTCCGGGTCAAGCTCTCAAAACCCCTCCCTGGGTGTAAAAGCGGGCCATCTGTCC

AACCCGTCTTGAAACACGGACCAGGGATTTTAGCGTGGGCCCGAGTCTTTGGGTGTTCAAAACT

CAAAGGCCCATTGAAGGTRAAGGTGTCCTTTGGGAAGTTAATGTGTGACCGGGGCCACCGCGGT

GGCTCCAASCAACATATTCCCGCCCCGATCGCATGCGATGGGGCGGAGACAGAGCGTACGCKC

TGAAACCCGAAAGATGGTGAACTATTCCTGAGCAGGACRAAGCCAGAGGAAACTCTGGTGRAGT

CCGACGCGATTCTGACGTGCAAATCGATCGTCTGA 

 

>Viljoenskroon 

TGCTCTGGGGAAAGTGGTGCATTTGCGAGTGGAGTGCGCCGAGGTGGTCGGAACAGCGCCATG

ATCTCAGCTTTGAGGCCAGCCCTTCGGGGACTGGTACCCGGGCTGGGGGATTGTTGTTTGCTCT

GATTAAACAGGGGAGTGGTTATCGGGCTCGGTTGGGTGCCGAGCTGGCAGTCGGTGGCGGTCG

CATGCGACACGTGCCAGCGGTCAGTTCGGTCCTGGTCGAGCTCTCAAAACCCCGTCCTCGGTGT

AAAAGCTGGTCATCTGTCCGACCCGTCTTGAAACACGGACCAAGGAGTTTAGCGTGTGCGCGAG

TCATTGGGTGTTCAAAACTCAGAGGCGCAATGAAAGTGAAGGTGTCCCTTGTGGAGCTGATGTG

TGACCGGGGCCACCGCGGTGGCTCCGAGCAACATAGTCCCGTCCCGATCGCATGCGATGGGG

CGGAGACAGAGCGTACGCGCTGAGACCCGAAAGATGGTGAACTATTCCTGAGCAGGACGAAGC

CAGAGGAAACTCTGGTGGAAGTCCGAAGCGATTCTGACGTGCAAATCGATCGTCTGACTTGGGT

ATAGGGGCGAAAGACTAATCGAACC 

 

Rotylenchulus sp. sequences obtained using the COI primer 

>Coligny 
TTTTAACTGGTAAGAAATTATTATTTGGTTCTTTAGGTATAATTTAAGCTTTAGTTAGTATTGGTTTT

ATTGGTTGTTTGGTTTGAGCTCATCACATATTTGTAGTTGGTATAGATATAGATAGTCGAGCTTAT

TTTAGAGCTGCGACAATAGTTATTGCTGTTCCTACAGGTGTAAAAGTTTTTTCTTGGATAATAACA

TTATAAGGAAATTAAATTTTTATGAATTATTTGTTTTTATGGGTTTATGGTTTTATTTTTTTGTTTACT

ATTGGTGGTCTTTCAGGTTTAATTTTGAGTAATGCTAGTTTAGATTTATTGTTACATGATACTTATT

ATGTAGTAGGACATTTTCATTATG 

 

>Erfdeel 
AGTTTTAACTGGTAAGAAGTTATTATTTGGTTCTTTAGTGTATAATTTAAGCTTTAGTTAGTATTGG

TTTTATTGGTTGTTTGGTTTGAGCTCATCATATATTTGTAGTTGGTATAGATATAGACAGTCGAGCT

TATTTTAGAGCTGCGACAATAGTTATTGCTGTTCCTACAGGTGTAAAAGTTTTTTCTTGGATAATAA

CATTATAAGGAAATTAAATTTTTATAAATTATTTGTTTTTATGGGTTTATGGTTTTATTTTTTTGTTTA

CTATTGGTGGTCTTTCAGGTTTAATTTTGAGTAATGCTAGTTTAGATTTATTGTTACATGATACTTA

TTATGTAGTAGGACATTTTCATTATGTTCTTTCTTTAA 

 

>Hartbeesfontein 

TTGGTTCTTTAGGTATAATTTAAGCTTTAGTTAGTATTGGTTTTATTGGTTGTTTGGTTTGAGCTCA

TCACATATTTGTAGTTGGTATAGATATAGATAGTCGAGCTTATTTTAGAGCTGCGACAATAGTTAT

TGCTGTTCCTACAGGTGTAAAAGTTTTTTCTTGGATAATAACATTATAAGGAAATTAAATTTTTATG

AATTATTTGTTTTTATGGGTTTATGGTTTTATTTTTTTGTTTACTATTGGTGGTCTTTCAGGTTTAAT

TTTGAGTAATGCTAGTTTAGATTTATTGTTACATGATACTTATTATGTAGTAGGCCATTTTCATTAT

G 
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>Viljoenskroon 
AGTATAGCTTGTTTAGTTTTAACTGGTAAGAAGTTATTATTTGGTTCTTTAGGTATAATTTAAGCTT

TAGTTAGTATTGGTTTTATTGGTTGTTTGGTTTGAGCTCATCATATATTTGTAGTTGGTATAGATAT

AGACAGTCGAGCTTATTTTAGAGCTGCGACAATAGTTATTGCTGTTCCTACAGGTGTAAAAGTTTT

TTCTTGGATAATAACATTATAAGGAAATTAAATTTTTATAAATTATTTGTTTTTATGGGTTTATGGTT

TTATTTTTTTGTTTACTATTGGTGGTCTTTCAGGTTTAATTTTGAGTAATGCTAGTTTAGATTTATTG

TTACATGATACTTATTATGTAGTAGGACATTTTCATTATGTTCCTTTCTTTAA 

 

>Ottosdal 
AGCTTTAGTTAGTATTGGTTTTATTGGTTGTTTGGTTTGAGCTCATCATATGTTTGTGGTTGGTATA

GATATAGACAGTCGAGCTTATTTTAGAGCTGCAACAATAGTTATTGCTGTTCCTACAGGTGTWAA

AGTGTTYTCTTGAATAATAACTTTATAAGGAAATTAAATTTTTATGAATTATTTGTTTTTATGAGTTT

ATGGTTTTATTTTTTTGTTTACTATTGGTGGTCTTTCTGGTTTGATTTTGAGTAATGCTAGTTTAGAT

TTATTGTTACATGATACTTATTATGTAGTAGGTCATTTTCATTATGTTCTTTCTTTAA 

 

>Kroonstad 
GCTTGTTTAGTTATAACTGGTAAAAAATTATTATTTGGTTTTTTAGGTATAATTTAAGCTTTAGTTAG

TATTGGTTTTATTGGTTGTTTAGTTTGGGCTCATCATATATTTGTTGTAGGTATAGATTTAGATAGA

CGTGCTTAATTTAGAGCTGCTACTATAATTATTGCTATTCCAACTGGTGTAAAGGTTTTTTCTTGAA

TAATAACTTTATATGGTAGATTATTTTTTAATAATTTTTTATTATTATGAATTTAAGGTTTTATTTTTC

TTTTTACTATTGGTGGTCTTTCAGGATTAATTTTAAGTAATGCTAGTTTAGATTTATTATTACATGAT

ACTTAATATGTAGTAGGACATTTTCATTATG 

 

>Kroonstad 
AATAATTTAAGCTTTAGTTAGTATTGGTTTTATTGGTTGTTTAGTTTGAGCTCATCATATATTTGTTG

TTGGTATAGATTTAGATAGTCGTGCTTAATTTAGGGCTGCTACTATAATTATTGCTATTCCTACTG

GTGTAAAGGTTTTTTCTTGAATAATAACCTTATATGGTAGATTTTTTTTTAACAATTTTTTGTTATTG

TGAATTTAAGGTTTTATTTTTCTTTTTACTATTGGAGGTCTTTCGGGGTTAGTTTTAAGAAATGCTA

GTTTAGACTTGTTATTACATGATACTTAGTATGTAGTTGGACATTTTCATTATGTTCTTTCTTTAA 

 

>Lichtenburg 

TTTAACTGGTAAGAAATTATTGTTTGGGTCTCTAGGTATAATTTAAGCTTTAGTTAGTATTGGTTTT

ATTGGTTGTTTAGTTTGAGCTCATCATATATTTGTAGTTGGTATAGATATAGATAGACGAGCTTAAT

TTAGAGCTGCAACAATAGTTATTGCTATTCCTACAGGTGTAAAGGTTTTTTCTTGAATAATAACCTT

ATAAGGAAACTAAGTTTTTATGAATTAATTATTTTTATGGGTTTAAGGTTTTATTTTTTTGTTTACTA

TTGGTGGTCTTTCTGGTTTGATTTTAAGTAATGCTAGTTTAGATTTATTATTACATGATACTTATTAT

GTGGTAGGACATTTTCATTATGTTCTTTCTTTAA 

 

Meloidogyne sp. sequences obtained using the D2-D3 primer 

>Viljoenskroon 
GCATAATTTTTTGTGATGCATTTACTTGATTGGTGCTTGGGGATGTTTGAGGCAGATTTGTTTCCG

CCGTTTTGAGGCCAGCTTGCTGGTACCCAAACGGTGTTAGCATTTTTTGTCTTGGACATTTGAGT

ATGGCTCACGTGTATTTATTGGACMGATCTGAGTGTAAGTTACGGTCGCATGCGACACGTGCTTT

TCAATTAGTTCGGTCCAGTTAATGCTCTCGTACTCGTTCCCCATGTAAAAGCCGGTCATCTATCC

GACCCGTCTTGAAACACGGACCAAGGAGTTTATCGTGTGCGCAAGTTTTTGGGTGTTAAAAACTT

AAAAGCGAAATGAAAGTAAATGACTCTTTAGAGTCTGATGTGCGATCTTGTAAAAAAGTGTAGCAT

GGCCCCATTCTAACTGTTTACAGTAGGGTGGCGGAAGAGCGTACGCGGTGAGACCCGAAAGAT

GGTGAACTATTCCTGAGCAGGACGAAGCCAGAGGAAACTCTGGTGGAAGTCCGAAGCGGTTCT
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GACGTGCAAATCGATCGTCTGACTTGGGTATAGGGGCGAAAGACTAATCGAACCATCTAGTAGC

TGKT 

 

>Coligny 
GCATAATTTTTTGTGGTGCATTTACTTGATTGGTGCTTGGGGATGTTTGAGGCAGATTTGTTTCCG

TCGTTTTGAGGCCAGCTTGCTGGTACCCAAACGGTGTTAGCATTTTTTGTCTTGGGCATTTGAGT

ATGGCTCACGTGTATTTATTGGACAGATCTGAGTGTAAGTTACGGTCGCATGCGACACGTGCTTT

TCAATTAGTTCGGTCCAGTTAATGCTCTCGTACTCGTTCCCCATGTAAAAGCCGGTCATCTATCC

GACCCGTCTTGAAACACGGACCAAGGAGTTTATCGTGTGCGCAAGTTTTTGGGTGTTAAAAACTT

AAAAGCGAAATGAAAGTAAATGACTCTTTAGAGTCTGATGTGCGATCTTGTAAAAAAGTGTAGCAT

GGCCCCATTCTAACTGTTTACAGTAGGGTGGCGGAAGAGCGTACGCGGTGAGACCCGAAAGAT

GGTGAACTATTCCTGAGCAGGACGAAGCCAGAGGAAACTCTGGTGGAAGTCCGAAGCGGTTCT

GACGTGCAAATCGATCGTCTGACTTGGGTATAGGGGCGAAAGACTAATCGAACCATCTAGTAGC

TGK 

 

>Buffelsvallei 
GCATAATTTTTTGTGGTGCATTTACTTGATTGGTGCTTGGGGATGTTTGAGGCAGATTTGTTTCCG

TCGTTTTGAGGCCAGCTTGCTGGTACCCAAACGGTGTTAGCATTTTTTGTCTTGGACATTTGAGT

ATGGCTCACGTGYATTTATTGGACAGATCTGAGTGTAAGTTACGGTCGCATGCGACACGTGCTTT

TCAATTAGTTCGGTCCAGTTAATGCTCTCGTACTCGTTCCCCATGTAAAAGCCGGTCATCTATCC

GACCCGTCTTGAAACACGGACCAAGGAGTTTATCGTGTGCGCAAGTTTTTGGGTGTTAAAAACTT

AAAAGCGAAATGAAAGTAAATGACTCTTTAGAGTCTGATGTGCGATCTTGTAAAAAAGTGTAGCAT

GGCCCCATTCTAACTGTTTACAGTAGGGTGGCGGAAGAGCGTACGCGGTGAGACCCGAAAGAT

GGTGAACTATTCCTGAGCAGGACGAAGCCAGAGGAAAYTCTGGTGGAAGTCCGAAGCGGTTCTG

ACGTGCAAATCGATCGTCTGACTTGGGTATAGGGGCGAAAGACTAATCGAACCATCTAGTAGC 

 

>Hartbeesfontein 

CATAATTTTTTGTGGTGCATTTACTTGATTGGTGCTTGGGGATGTTTGAGGCAGATTTGTTTCCGY

CGTTTTGAGGCCAGCTTGCTGGTACCCAAACGGTGTTAGCATTTTTTGTCTTGGRCATTTGAGTA

TGGCTYACGTGTATTTATTGGACAGATCTGAGTGTAAGTTACGGTCGCATGCGACACGTGCTTTT

CAATTAGTTCGGTCCAGTTAATGCTCTCGTACTCGTTCCCCATGTAAAAGCCGGTCATCTATCCG

ACCCGTCTTGAAACACGGACCAAGGAGTTTATCGTGTGCGCAAGTTTTTGGGTGTTAAAAACTTA

AAAGCGAAATGAAAGTAAATGACTCTTTAGAGTCTGATGTGCGATCTTGTAAAAAAGTGTAGCAT

GGCCCCATTCTAACTGTTTACAGTAGGGTGGCGGAAGAGCGTACGCGGTGAGACCCGAAAGAT

GGTGAACTATTCCTGAGCAGGACGAAGCCAGAGGAAACTCTGGTGGAAGTCCGAAGCGGTTCT

GACGTGCAAATCGATCGTCTGACTTGGGTATAGGGGCGAAAGACTAATCGAACCATCTAGTA 

 

>Ottosdal 
GCATAATTTTTTGTGGTGCATTTACTTGATTGGTGCTTGGGGATGTTTGAGGCAGATTTGTTTCCG

TCGTTTTGAGGCCAGCTTGCTGGTACCCAAACGGTGTTAGCATTTTTTGTCTTGGACATTTGAGT

ATGGCTCACGTGTATTTATTGGACAGATCTGAGTGTAAGTTACGGTCGCATGCGACACGTGCTTT

TCAATTAGTTCGGTCCAGTTAATGCTCTCGTACTCGTTCCCCATGTAAAAGCCGGTCATCTATCC

GACCCGTCTTGAAACACGGACCAAGGAGTTTATCGTGTGCGCAAGTTTTTGGGTGTTAAAAACTT

AAAAGCGAAATGAAAGTAAATGACTCTTTAGAGTCTGATGTGCGATCTTGTAAAAAAGTGTAGCAT

GGCCCCATTCTAACTGTTTACAGTAGGGTGGCGGAAGAGCGTACGCGGTGAGACCCGAAAGAT

GGTGAACTATTCCTGAGCAGGACGAAGCCAGAGGAAACTCTGGTGGAAGTCCGAAGCGGTTCT

GACGTGCAAATCGATCGTCTGACTTGGGTATAGGGGCGAAAGACTAATCGAACCATCTAGTAGC 
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>Lichtenburg 
AGCATAATTTTTTGTGGTGCATTTACTTGATTGGTGCTTGGGGATGTTTGAGGCAGATTTGTTTCC

GTCGTTTTGAGGCCAGCTTGCTGGTACCCAAACGGTGTTAGCATTTTTTGTCTTGGGCATTTGAG

TATGGCTCACGTGTATTTATTGGACAGATCTGAGTGTAAGTTACGGTCGCATGCGACACGTGCTT

TTCAATTAGTTCGGTCCAGTTAATGCTCTCGTACTCGTTCCCCATGTAAAAGCCGGTCATCTATCC

GACCCGTCTTGAAACACGGACCAAGGAGTTTATCGTGTGCGCAAGTTTTTGGGTGTTAAAAACTT

AAAAGCGAAATGAAAGTAAATGACTCTTTAGAGTCTGATGTGCGATCTTGTAAAAAAGTGTAGCAT

GGCCCCATTCTAACTGTTTACAGTAGGGTGGCGGAAGAGCGTACGCGGTGAGACCCGAAAGAT

GGTGAACTATTCCTGAGCAGGACGAAGCCAGAGGAAACTCTGGTGGAAGTCCGAAGCGGTTCT

GACGTGCAAATCGATCGTCTGACTTGGGTATAGGGGCGAAAGACTAATCGAACCATCTAGTA 

 

>Erfdeel 

GCATAATTTTTTGTGGTGCATTTACTTGATTGGTGCTTGGGGATGTTTGAGGCAGATTTGTTTCCG

TCGTTTTGAGGCCAGCTTGCTGGTACCCAAACGGTGTTAGCATTTTTTGTCTTGGRCATTTGAGT

ATGGCTCACGTGTATTTATTGGACAGATCTGAGTGTAAGTTACGGTCGCATGCGACACGTGCTTT

TCAATTAGTTCGGTCCAGTTAATGCTCTCGTACTCGTTCCCCATGTAAAAGCCGGTCATCTATCC

GACCCGTCTTGAAACACGGACCAAGGAGTTTATCGTGTGCGCAAGTTTTTGGGTGTTAAAAACTT

AAAAGCGAAATGAAAGTAAATGACTCTTTAGAGTCTGATGTGCGATCTTGTAAAAAAGTGTAGCAT

GGCCCCATTCTAACTGTTTACAGTAGGGTGGCGGAAGAGCGTACGCGGTGAGACCCGAAAGAT

GGTGAACTATTCCTGAGCAGGACGAAGCCAGAGGAAACTCTGGTGGAAGTCCGAAGCGGTTCT

GACGTGCAAATCGATCGTCTGACTTGGGTATAGGGGCGAAAGACTAATCGAACCATCTAGTAG 

 

>Kroonstad 
CATAATTTTTTGTGATGCATTTACTTGATTGGTGCTTGGGGATGTTTGAGGCAGATTTGTTTCCGC

CGTTTTGAGGCCAGCTTGCTGGTACCCAAACGGTGTTAGCATTTTTTGTCTTGGACATTTGAGTA

TGGCTCACGTGTATTTATTGGACAGATCTGAGTGTAAGTTACGGTCGCATGCGACACGTGCTTTT

CAATTAGTTCGGTCCAGTTAATGCTCTCGTACTCSTTCCCCATGTAAAAGCCGGTCATCTATCCG

ACCCGTCTTGAAACACGGACCAAGGAGTTTATCGTGTGCGCAAGTTTTTGGGTGTTAAAAACTTA

AAAGCGAAATGAAAGTAAATGACTCTTTAGAGTCTGATGTGCGATCTTGTAAAAAAGTGTAGCAT

GGCCCCATTCTAACTGTTTACAGTAGGGTGGCGGAAGAGCGTACGCGGTGAGACCCGAAAGAT

GGTGAACTATTCCTGAGCAGGACGAAGCCAGAGGAAACTCTGGTGGAAGTCCGAAGCGGTTCT

GACGTGCAAATCGATCGTCTGACTTGGGTATAGGGGCGAAAGACTAATCGAACCATCTAGTAG 

 

Meloidogyne sp. sequences obtained using the COI primer 

 

>Buffelsvallei 
TTTATTATCTTCTAAAAAAGATTTGTATGGACGAAAAGGAATAATTTTAGCTATTATATCAATTGGT

TTTATTGGTTGTTTAGTTTGAGGACATCATATATTTACTGTAGGAATAGATCATGATTCTCGGGCTT

ATTTTAGTTCAGCAACTATAATTATTGCTATTCCAACTGGAATAAAAATTTTTAGTTGAATAATAACT

TTATATGGTTCAAAATTAAATTGAAATTATTTAATTTTATGAATTATAGGTTTTATTTTTATATTTACT

GTTGGAGGACTTTCTGGTTTGATTTTAAGAAATGCTGGTTTAGATATTTTTTTACATGATACTTATT

ATGTTGTAGCTCATTTTCATTATG 

 

>Ottosdal 

TAAAAAAGATTTGTATGGACGAAAAGGAATAATTTTAGCTATTATATCAATTGGTTTTATTGGTTGT

TTAGTTTGAGGACATCATATATTTACTGTAGGAATAGATCATGATTCTCGGGCTTATTTTAGTTCA

GCAACTATAATTATTGCTATTCCAACTGGAATAAAAATTTTTAGTTGAATAATAACTTTATATGGTT

CAAAATTAAATTGAAATTATTTAATTTTATGAATTATAGGTTTTATTTTTATATTTACTGTTGGAGGA
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CTTTCTGGTTTGATTTTAAGAAATGCTGGTTTAGATATTTTTTTACATGATACTTATTATGTTGTAGC

TCATTTTCATTATGTTCTTTCTT 

 

>Hartbeesfontein 
AGTTTTATTATCTTCTAAAAAAGATTTGTATGGACGAAAAGGAATAATTTTAGCTATTATATCAATT

GGTTTTATTGGTTGTTTAGTTTGAGGACATCATATATTTACTGTAGGAATAGATCATGATTCTCGG

GCTTATTTTAGTTCAGCAACTATAATTATTGCTATTCCAACTGGAATAAAAATTTTTAGTTGAATAAT

AACTTTATATGGTTCAAAATTAAATTGAAATTATTTAATTTTATGAATTATAGGTTTTATTTTTATATT

TACTGTTGGAGGACTTTCTGGTTTGATTTTAAGAAATGCTGGTTTAGATATTTTTTTACATGATACT

TATTATGTTGTAGCTCATTTTCATTATGTTCTTTCTTTA 

 

>Coligny 

TTTTATTATCTTCTAAAAAAGATTTGTATGGACGAAAAGGAATAATTTTAGCTATTATATCAATTGG

TTTTATTGGTTGTTTAGTTTGAGGACATCATATATTTACTGTAGGAATAGATCATGATTCTCGGGCT

TATTTTAGTTCAGCAACTATAATTATTGCTATTCCAACTGGAATAAAAATTTTTAGTTGAATAATAAC

TTTATATGGTTCAAAATTAAATTGAAATTATTTAATTTTATGAATTATAGGTTTTATTTTTATATTTAC

TGTTGGAGGACTTTCTGGTTTGATTTTAAGAAATGCTGGTTTAGATATTTTTTTACATGATACTTAT

TATGTTGTAGCTCATTTTCATTATGTTCTTTCTTTAA 

 

>Lichtenburg 
AGTTTTATTATCTTCTAAAAAAGATTTGTATGGACGAAAAGGAATAATTTTAGCTATTATATCAATT

GGTTTTATTGGTTGTTTAGTTTGAGGACATCATATATTTACTGTAGGAATAGATCATGATTCTCGG

GCTTATTTTAGTTCAGCAACTATAATTATTGCTATTCCAACTGGAATAAAAATTTTTAGTTGAATAAT

AACTTTATATGGTTCAAAATTAAATTGAAATTATTTAATTTTATGAATTATAGGTTTTATTTTTATATT

TACTGTTGGAGGACTTTCTGGTTTGATTTTAAGAAATGCTGGTTTAGATATTTTTTTACATGATACT

TATTATGTTGTAGCTCATTTTCATTATGTTCT 

 

>Kroonstad 
TTTATTATCTTCTAAAAAAGATTTGTATGGACGAAAAGGAATAATTTTAGCTATTATATCAATTGGT

TTTATTGGTTGTTTAGTTTGAGGACATCATATATTTACTGTAGGAATAGATCATGATTCTCGGGCTT

ATTTTAGTTCAGCAACTATAATTATTGCTATTCCAACTGGAATAAAAATTTTTAGTTGAATAATAACT

TTATATGGTTCAAAATTAAATTGAAATTATTTAATTTTATGAATTATAGGTTTTATTTTTATATTTACT

GTTGGAGGACTTTCTGGTTTGATTTTAAGAAATGCTGGTTTAGATATTTTTTTACATGATACTTATT

ATGTTGTAGCTCATTTTCATTATGTTCTTTCTTTAA 
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DNA reference sequences obtained from GenBank 

Table 1: Summary of accession number, plant-parasitic nematode species, title and reference of GenBank sequences used for the compilation of the phylogenetic tree for 

identification of the Rotylenchulus sp. eggs in 50-g root samples obtained at eight different localities using the D2-D3 primer. 

Accession 

number 
Species Title 

Submitted in 

GenBank 
Authors 

KP324916 Heterodera glycines First report of soybean cyst nematode, Heterodera glycines, on soybean from Guangxi, 

Guizhou, and Jiangxi provinces, China 
25 December 2014 Wang et al. (2015) 

KF453624 Heterodera glycines 
First Report of Soybean Cyst Nematode (Heterodera glycines Ichinohe) on Soybean in 

the Province of Quebec, Canada 
24 July 2013 Mimee et al. (2014) 

KF999978 Rotylenchulus reniformis 
Indentification of Rotylenchulus reniformis intercepted from Podocarpus macrophyllus 

seedlings from Japan (unpublished). 
24 December 2013 Gu & He (2013) 

KF999977 Rotylenchulus reniformis 
Indentification of Rotylenchulus reniformis intercepted from Podocarpus macrophyllus 

seedlings from Japan (unpublished). 
24 December 2013 Gu & He (2013) 

DQ328713 Rotylenchulus reniformis 
Phylogenetic analysis of Tylenchida Thorne, 1949 as inferred from D2 and D3 expansion 

fragments of the 28S rRNA gene sequences 
14 December 2013 

Subbotin et al. 

(2006) 

HM131884 Rotylenchulus reniformis Rotylenchulus reniformis populations occurring in China (unpublished) 19 April 2010 
Zang & Zheng 

(2010) 

KT003761 Rotylenchulus macrodoratus 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al. 

(2016) 

KT003760 Rotylenchulus macrodoratus 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al. 

(2016) 

KT003759 Rotylenchulus macrodoratus 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al. 

(2016) 

DQ328711 Rotylenchulus macrodoratus 
Phylogenetic analysis of Tylenchida Thorne, 1949 as inferred from D2 and D3 expansion 

fragments of the 28S rRNA gene sequences 
14 December 2013 

Subbotin et al. 

(2006) 
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Table 1 continues 

Accession 

number 
Species Title 

Submitted in 

GenBank 
Authors 

KT003758 Rotylenchulus macrodoratus 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al., 

2016 

KT003737 Rotylenchulus parvus 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al, 

(2016) 

KT003735 Rotylenchulus parvus 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al, 

(2016) 

KT003736 Rotylenchulus parvus 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al, 

(2016) 

KT003738 Rotylenchulus parvus 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al, 

(2016) 

KT003734 Rotylenchulus parvus 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al, 

(2016) 

KT003751 Rotylenchulus macrosoma 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al, 

(2016) 

KT003749 Rotylenchulus macrosoma 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al, 

(2016) 
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Table 1 continues 

Accession 

number 
Species Title 

Submitted in 

GenBank 
Authors 

KT003747 Rotylenchulus macrosoma 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al, 

(2016) 

KT003750 Rotylenchulus macrosoma 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al, 

(2016) 

KT003748 Rotylenchulus macrosoma 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al, 

(2016) 

KT003742 Rotylenchulus sacchari 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al, 

(2016) 

KT003741 Rotylenchulus sacchari 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al, 

(2016) 

KT003740 Rotylenchulus sacchari 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al, 

(2016) 
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Table 2: Summary of accession number, plant-parasitic nematode species, title and reference of GenBank sequences used for the compilation of the phylogenetic tree for 

identification of the Rotylenchulus sp. eggs in 50-g root samples sampled at eight different localities using the COI mitochondria primer. 

Accession 

number 
Species Title 

Submitted in 

GenBank 
Authors 

KF453624 Heterodera glycines 
First Report of Soybean Cyst Nematode (Heterodera glycines Ichinohe) on Soybean in 

the Province of Quebec, Canada 
24 July 2013 Mimee et al. (2014) 

KT003731 Rotylenchulus reniformis 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al. 

(2016) 

KT003730 Rotylenchulus reniformis 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al. 

(2016) 

KT003729 Rotylenchulus reniformis 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al. 

(2016) 

KT003728 Rotylenchulus reniformis 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al. 

(2016) 

KT003727 Rotylenchulus reniformis 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al. 

(2016) 

KT003733 Rotylenchulus sacchari 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al. 

(2016) 

KT003732 Rotylenchulus parvus 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al. 

(2016) 

KT003726 Rotylenchulus macrosoma 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al. 

(2016) 
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Table 2 continues 

Accession 

number 
Species Title 

Submitted in 

GenBank 
Authors 

KT003725 Rotylenchulus macrosoma 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al. 

(2016) 

KT003724 Rotylenchulus macrosoma 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al. 

(2016) 

KT003719 Rotylenchulus macrodoratus 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al. 

(2016) 

KT003720 Rotylenchulus macrodoratus 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al. 

(2016) 

KT003721 Rotylenchulus macrodoratus 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al. 

(2016) 

KT003722 Rotylenchulus macrodoratus 

Morphological and molecular characterisation of one new and several known species of 

the reniform nematode, Rotylenchulus Linford & Oliveira, 1940 (Hoplolaimidae, 

Rotylenchulinae) and a phylogeny of the genus 

2 June 2015 
Van den Berg et al. 

(2016) 
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Table 3: Summary of accession number, plant-parasitic nematode species, title and reference of GenBank sequences used for the compilation of the phylogenetic tree for 

identification of the Meloidogyne sp. eggs in 50-g root samples sampled at eight different localities using the D2-D3 primer. 

Accession 

number 
Species Title 

Submitted in 

GenBank 
Authors 

KP324916 Heterodera glycines 
First Report of Soybean Cyst Nematode, Heterodera glycines, on Soybean From 

Guangxi, Guizhou, and Jiangxi Provinces, China 
25 December 2014 Wang et al. (2015) 

EU364889 Meloidogyne arenaria 
Molecular and morphological characterization of an unusual Meloidogyne arenaria 

population from traveler's tree (Ravenala madagascariensis) (unpublished) 
23 December 2007 

Skantar et al. 

(2007) 

MAU42339 Meloidogyne arenaria Variation in ribosomal genes in Meloidogyne arenaria 5 December 1995 
Georgi & Abbott 

(1995) 

KP901082 Meloidogyne arenaria 
Molecular Characterisation and Diagnosis of Root-Knot Nematodes (Meloidogyne spp.) 

from Turfgrasses in North Carolina, USA 
9 March 2015 Ye et al. (2015) 

KC287192 Meloidogyne arenaria 
Distribution and genetic diversity of root-knot nematodes (Meloidogyne spp.) in potatoes 

from South Africa (unpublished) 
6 December 2016 

Onkendi & Moleleki 

(2016) 

KC287191 Meloidogyne arenaria 
Distribution and genetic diversity of root-knot nematodes (Meloidogyne spp.) in potatoes 

from South Africa (unpublished) 
6 December 2016 

Onkendi & Moleleki 

(2016) 

KP901080 Meloidogyne chitwoodi 
Molecular Characterisation and Diagnosis of Root-Knot Nematodes (Meloidogyne spp.) 

from Turfgrasses in North Carolina, USA 
9 March 2015 Ye et al. (2015) 

KC241980 Meloidogyne chitwoodi 
Occurrence of Meloidogyne fallax in North America, and Molecular Characterization of M. 

fallax and M. minor from U.S. Golf Course Greens 
27 November 2012 

Nischwitz et al. 

(2013) 

JN019321 Meloidogyne chitwoodi Root-knot nematodes in golf course greens of the Western United States 24 May 2011 
McClure et al. 

(2012) 

AF435802 Meloidogyne chitwoodi 
Sequence analysis of the D2/D3 region of the large subunit rDNA gene of twelve 

Meloidogyne populations (Nematoda:Tylenchida) (unpublished) 
17 October 2001 

Tenente et al. 

(2001) 

KF646797 Meloidogyne enterolobii First Report of Root-Knot Nematode Meloidogyne enterolobii on Sweet Potato in China 9 September 2013 Gao et al. (2014) 

KP901079 Meloidogyne enterolobii 
Molecular Characterisation and Diagnosis of Root-Knot Nematodes (Meloidogyne spp.) 

from Turfgrasses in North Carolina, USA 
9 March 2015 Ye et al. (2015) 

KT354576 Meloidogyne enterolobii Direct submission 30 Julie 2015 Zhou et al. (2015) 

KP411230 Meloidogyne enterolobii Identification of root-knot nematode (Meloidogyne spp.) in Taiwan (unpublished) 8 January 2015 Chen (2015) 
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Table 3 continues 

Accession 

number 
Species Title 

Submitted in 

GenBank 
Authors 

KP319025 Meloidogyne hapla 
First Report of Northern Root-Knot Nematode, Meloidogyne hapla, Parasitic on Oaks, 

Quercus brantii and Q. infectoria in Iran 
24 December 2014 Sobari et al. (2015) 

KJ645433 Meloidogyne hapla First report of the root-knot nematode Meloidogyne hapla parasitizing roses in Ethiopia 1 April 2014 
Meressa et al. 

(2014) 

KF430798 Meloidogyne hapla 
Molecular characteristics of Meloidogyne hapla based the rDNA-D2D3 sequences 

(unpublished) 
18 July 2013 Zhao (2013) 

KT163235 Meloidogyne hapla 
Parasitism effects on white clover by root-knot and cyst nematodes and molecular 

separation of Heterodera daverti from H. trifolii 
16 June 2015 Vovlas et al. (2015) 

KP260633 Meloidogyne incognita 
Identification of three Pratylenchus species and Meloidogyne incognita intercepted in 

Bonsai from Japan 
11 December 2014 Wang & Lin (2014) 

KJ641553 Meloidogyne incognita 
First report and morphological and molecular characterization of Meloidogyne incognita 

from Radermachera sinica in China 
31 March 2014 Zeng (2014) 

JN005862 Meloidogyne incognita 
Multiplex PCR for the Simultaneous Identification and Detection of Meloidogyne incognita, 

M. enterolobii, and M. javanica Using DNA Extracted Directly from Individual Galls 
21 May 2011 Hu et al. (2011) 

JN005861 Meloidogyne incognita 
Multiplex PCR for the Simultaneous Identification and Detection of Meloidogyne incognita, 

M. enterolobii, and M. javanica Using DNA Extracted Directly from Individual Galls 
21 May 2011 Hu et al. (2011) 

JN005860 Meloidogyne incognita 
Multiplex PCR for the simultaneous identification and detection of Meloidogyne incognita, 

M. enterolobii, and M. javanica using DNA extracted directly from individual galls. 
21 May 2011 Hu et al. (2011) 

KC953092 Meloidogyne javanica First report of Meloidogyne javanica on Sacha inchi in China 22 April 2013 Wang et al. (2013) 

KP901084 Meloidogyne javanica 
Molecular Characterisation and Diagnosis of Root-Knot Nematodes (Meloidogyne spp.) 

from Turfgrasses in North Carolina, USA 
9 March 2015 Ye et al. (2015) 

KP901083 Meloidogyne javanica 
Molecular Characterisation and Diagnosis of Root-Knot Nematodes (Meloidogyne spp.) 

from Turfgrasses in North Carolina, USA 
9 March 2015 Ye et al. (2015) 

JX987330 Meloidogyne javanica 
Distribution and genetic diversity of root-knot nematodes (Meloidogyne spp.) in potatoes 

from South Africa (unpublished) 
6 December 2012 

Onkendi & Moleleki 

(2012) 

KC287187 Meloidogyne javanica 
Distribution and genetic diversity of root-knot nematodes (Meloidogyne spp.) in potatoes 

from South Africa (unpublished) 
6 December 2012 

Onkendi & Moleleki 

(2012) 
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Table 4: Summary of accession number, plant-parasitic nematode species, title and reference of GenBank sequences used for the compilation of the phylogenetic tree for 

identification of the Meloidogyne sp. eggs in 50-g root samples sampled at eight different localities using the COI primer. 

Accession 

number 
Species Title 

Submitted in 

GenBank 
Reference 

KF453624 Heterodera glycines 
First Report of Soybean Cyst Nematode (Heterodera glycines Ichinohe) on Soybean in 

the Province of Quebec, Canada 
24 July 2013 Mimee et al. (2014) 

KM491204 Meloidogyne arenaria 
Comparative and Evolutionary Analyses of Meloidogyne spp. Based on Mitochondrial 

Genome Sequences 
5 September 2014 

Garcia & Sanchez-

Puerta (2015) 

KM491199 Meloidogyne arenaria 
Comparative and Evolutionary Analyses of Meloidogyne spp. Based on Mitochondrial 

Genome Sequences 
5 September 2014 

Garcia & Sanchez-

Puerta (2015) 

KM491200 Meloidogyne arenaria 
Comparative and Evolutionary Analyses of Meloidogyne spp. Based on Mitochondrial 

Genome Sequences 
5 September 2014 

Garcia & Sanchez-

Puerta (2015) 

KM491203 Meloidogyne arenaria 
Comparative and Evolutionary Analyses of Meloidogyne spp. Based on Mitochondrial 

Genome Sequences 
5 September 2014 

Garcia & Sanchez-

Puerta (2015) 

KM491202 Meloidogyne arenaria 
Comparative and Evolutionary Analyses of Meloidogyne spp. Based on Mitochondrial 

Genome Sequences 
5 September 2014 

Garcia & Sanchez-

Puerta (2015) 

KT936633 Meloidogyne enterolobii 
First Report of Root-Knot Nematode Meloidogyne enterolobii on African nightshades in 

Kenya (unpublished) 
20 October 2015 

Chitambo et al. 

(2015) 

KU372161 Meloidogyne enterolobii 
Mitochondrial coding genome analysis of tropical root-knot nematodes (Meloidogyne) 

supports haplotype based diagnostics and reveals evidence of recent reticulate evolution 
22 December 2015 

Janssen et al. 

(2016) 

KM491198 Meloidogyne enterolobii 
Comparative and Evolutionary Analyses of Meloidogyne spp. Based on Mitochondrial 

Genome Sequences 
5 September 2014 

Garcia & Sanchez-

Puerta (2015) 

KM491197 Meloidogyne enterolobii 
Comparative and Evolutionary Analyses of Meloidogyne spp. Based on Mitochondrial 

Genome Sequences 
5 September 2014 

Garcia & Sanchez-

Puerta (2015) 

KM491210 Meloidogyne hapla 
Comparative and Evolutionary Analyses of Meloidogyne spp. Based on Mitochondrial 

Genome Sequences 
5 September 2014 

Garcia & Sanchez-

Puerta (2015) 

KM491209 Meloidogyne hapla 
Comparative and Evolutionary Analyses of Meloidogyne spp. Based on Mitochondrial 

Genome Sequences 
5 September 2014 

Garcia & Sanchez-

Puerta (2015) 
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Table 4 continues 

Accession 

number 
Species Title 

Submitted in 

GenBank 
Reference 

KM491205 Meloidogyne hapla 
Comparative and Evolutionary Analyses of Meloidogyne spp. Based on Mitochondrial 

Genome Sequences 
5 September 2014 

Garcia & Sanchez-

Puerta (2015) 

KM491206 Meloidogyne incognita 
Comparative and Evolutionary Analyses of Meloidogyne spp. Based on Mitochondrial 

Genome Sequences 
5 September 2014 

Garcia & Sanchez-

Puerta (2015) 

KM491196 Meloidogyne incognita 
Comparative and Evolutionary Analyses of Meloidogyne spp. Based on Mitochondrial 

Genome Sequences 
5 September 2014 

Garcia & Sanchez-

Puerta (2015) 

KM491194 Meloidogyne incognita 
Comparative and Evolutionary Analyses of Meloidogyne spp. Based on Mitochondrial 

Genome Sequences 
5 September 2014 

Garcia & Sanchez-

Puerta (2015) 

KM491195 Meloidogyne incognita 
Comparative and Evolutionary Analyses of Meloidogyne spp. Based on Mitochondrial 

Genome Sequences 
5 September 2014 

Garcia & Sanchez-

Puerta (2015) 

KU372170 Meloidogyne javanica 
Mitochondrial coding genome analysis of tropical root-knot nematodes (Meloidogyne) 

supports haplotype based diagnostics and reveals evidence of recent reticulate evolution 
22 December 2015 

Janssen et al. 

(2016) 

KU372169 Meloidogyne javanica 
Mitochondrial coding genome analysis of tropical root-knot nematodes (Meloidogyne) 

supports haplotype based diagnostics and reveals evidence of recent reticulate evolution 
22 December 2015 

Janssen et al. 

(2016) 
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Appendix II 
 

Table 1: T-test data between the different ecosystems and Meloidogyne, Rotylenchulus and Pratylenchus spp. collected from 50-g and 5-g roots as well as 200-g soil samples 

collected at six localities during the 2012/2013 growing season. 

 CA vs. CTA CA vs. NV CTA vs. NV 
 CA CTA t-value P-value CA NV t-value p-value CTA NV t-value P-value 

50g Roots 
Locality Meloidogyne spp. 
Coliny - - - - 5.6 (469) ± 1.4 3.7 (167) ±2.4 2.4 0.02 5.5 (470) ± 1.5 3.7 (167) ± 2.4 2.3 0.03 
Ottosdal 0.4 (4) ± 1.1 3.1 (332) ± 3.0 -2.7 0.01 - - - - - - - - 
Viljoenskroon - - - - 0.9 (4) ± 1.2 3.5 (73) ± 1.7 -4.2 0.00 - - - - 

             

Locality Rotylenchulus spp. 
Coliny 7.0 (2 418) ± 1.3 4.3 (167) ± 1.1 5.0 0.00 7.0 (2 148) ± 1.3 3.9 (111) ± 1.8 4.8 0.00 - - - - 
Lichtenburg - - - - 6.1 (1 633) ± 2.5 3.1 (119) ± 2.3 3.2 0.00 6.1 (1 062) ± 2.3 3.1 (119) ± 2.3 3.3 0.00 
HRTBF 6.3 (690) ± 0.7 5.4 (302) ± 0.8 2.7 0.01 6.3 (690) ± 0.7 1.6 (80) ± 2.3 6.2 0.00 5.4 (302) ± 0.8 1.6 (80) ± 2.3 5.0 0.00 
Ottosdal 8.2 (8 296) ± 1.6 4.7 (134) ± 0.6 6.3 0.00 8.2 (8 296) ±1.6 2.5 (165) ± 2.6 6.2 0.00 4.7 (134) ± 0.6 2.5 (165) ± 2.6 2.5 0.02 
Kroonstad 6.9 (1 564) ± 1.0 5.1 (337) ± 1.4 3.3 0.00 6.9 (1 564) ± 1.0 0.1 (1) ± 0.5 24.9 0.00 5.1 (337) ± 1.4 0.1 (1) ± 0.5 14.9 0.00 
Viljoenskroon 7.3 (2 051) ± 0.8 0.8 (16) ± 1.8 10.5 0.00 7.3 (2 051) ± 0.8 2.6 (57) ± 2.1 6.7 0.00 0.8 (16) ± 1.8 2.6 (57) ± 2.1 -2.3 0.03 

5g Roots 

Locality Pratylenchus spp. 
Coliny 3.0 (32) ± 1.3 4.2 (85) ± 0.9 -2.3 0.03 3 (32) ±1.3 1.2 (6) ± 1.3 3.7 0.00 4.2 (85) ± 0.9 1.2 (6) ± 1.3 6.6 0.00 
Lichtenburg - - - - 5.2 (346) ± 1.9 1.0 (6) ± 1.3 7.1 0.00 3.7 (75) ± 1.5 1.0 (6) ± 1.3 5.1 0.00 
HRTBF 0.7 (4) ± 1.2 2.3 (16) ± 1.3 -2.7 0.02 - - - - 2.3 (16) ± 1.3 0.6 (6) ± 1.3 3.3 0.00 
Ottosdal - - - - 3.8 (91) ± 1.7 1.7 (23) ± 1.8 2.9 0.01 4.7 (210) ± 1.4 1.7 (23) ± 1.8 4.5 0.00 
Kroonstad 4.8 (229) ± 1.2 3.4 (41) ± 0.8 3.0 0.01 4.8 (229) ± 1.2 0.5 (2) ± 1.0 10.3 0.00 3.4 (41) ± 0.8 0.5 (2) ± 1.0 7.9 0.00 
Viljoenskroon - - - - 4.7 (160) ± 0.9 1.0 (7) ± 1.4 7.6 0.00 3.9 (82) ± 1.2 1.0 (7) ± 1.4 5.7 0.00 
HRTBF = Hartbeesfontein 



273 

Table 2: T-test data between the different ecosystems and Meloidogyne, Rotylenchulus and Pratylenchus spp. collected from 200-g soil samples collected at six localities 

during the 2012/2013 growing season. 

 CA vs. CTA CA vs. NV CTA vs. NV 
 CA CTA t-value P-value CA NV t-value p-value CTA NV t-value P-value 

Locality Rotylenchulus spp. 
Coliny 5.9 (531) ± 0.9 3.6 (72) ± 1.6 4.1 0.00 5.9 (531) ± 0.9 3.8 (114) ± 1.8 3.4 0.00 - - - - 
Lichtenburg - - - - 6.5 (843) ± 0.7 3.4 (49) ± 1.0 8.7 0.00 6.1 (579) ± 0.9 3.4 (49) ± 1.0 7.0 0.00 
HRTBF - - - - 5.4 (331) ± 0.9 2.6 (66) ± 2.0 4.3 0.00 5.3 (285) ± 1.0 2.6 (66) ± 2.0 4.2 0.00 
Ottosdal - - - - 5.7 (552) ± 1.3 2.8 (39) ± 1.7 4.8 0.00 5.3 (270) ± 0.8 2.8 (39) ± 1.7 4.6 0.00 
Kroonstad 4.7 (286) ± 0.8 5.4 (3) ± 0.5 -2.4 0.03 4.7 (286) ± 0.8 1.3 (71) ± 1.6 6.4 0.00 5.4 (3) ± 0.5 1.3 (71) ± 1.6 8.0 0.00 
Viljoenskroon 5.4 (145) ± 0.9 0.5 (246) ± 1.2 10.6 0.00 5.4 (145) ± 0.9 2.3 (10) ± 2.3 4.0 0.00 0.5 (246) ± 1.2 2.3 (10) ± 2.3 -2.2 0.03 

Locality Pratylenchus spp. 
Coliny - - - - 1.6 (14) ± 1.7 0.1 (1)± 0.5 3.5 0.00 2.0 (22) ± 1.8 0.1 (1)± 0.5 4.4 0.00 
Lichtenburg - - - - 3.3 (40) ± 1.3 0.7 (7) ± 1.3 4.8 0.00 1.9 (15) ± 1.7 0.7 (7) ± 1.3 2.1 0.05 
Kroonstad - - - - 4.3 (192) ± 0.8 0.6 (4) ± 1.4 8.0 0.00 4.1 (54) ± 0.7 0.6 (4) ± 1.4 7.6 0.00 
Viljoenskroon 5.2 (99) ± 0.5 2.2 (85) ± 2.2 4.3 0.00 5.2 (99) ± 0.5 0.7 (7) ± 1.2 10.9 0.00 2.2 (85) ± 2.2 0.7 (7) ± 1.2 2.4 0.02 

Locality Meloidogyne spp. 
Ottosdal 0 1.9 (23) ± 1.8 -3.3 0.00 - - - - 1.9 (23) ± 1.8 0 4.8 0.00 

Locality Rotylenchus spp. 
Coliny         2 (11) ± 1.1 0 8.2 0.00 
Lichtenburg         0 1.2 (9) ± 1.5 -3.7 0.00 
Ottosdal         5.2 (241) ± 0.8 0 31.7 0.00 
Viljoenskroon         3.3 (64) ± 1.9 0 7.8 0.00 
HRTBF = Hartbeesfontein 
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Table 3: T-test data between the different ecosystems and Cephalobidae, Monhysteridae and Dorylaimida collected from 200-g soil samples collected at six localities during 

the 2012/2013 growing season. 

 CA vs. CTA CA vs. NV CTA vs. NV 

Locality CA CTA t-value 
P-

value 
CA NV t-value p-value CTA NV t-value 

P-
value 

 Cephalobidae 
Coliny     3.4 (47) ± 1.4 4.7 (122) ± 0.6 -3.70 0.00 2.9 (35) ± 1.7 4.7 (122) ± 0.6 -4.4 0.00 
Lichtenburg     4.0 (94) ± 1 5.0 (256) ± 1.2 -2.1 0.04     
HRTBF     3.7 (63) ± 1.5 5.4 (280) ± 0.8 -4.3 0.00 3.2 (39) ± 1.3 5.4 (280) ± 0.8 -5.7 0.00 
Ottosdal 5.2 (254) ± 0.8 6.7 (868) ± 0.5 -4.8 0.00 5.2 (254) ± 0.8 6.1 (522) ± 0.7 -2.9 0.01 6.7 (868) ± 0.5 6.1 (522) ± 0.7 2.6 0.02 
Kroonstad 5.3 (261) ± 0.8 4.3 (92) ± 0.8 2.8 0.01 5.3 (261) ± 0.8 4.4 (124) ± 0.9 2.6 0.01 4.3 (92) ± 0.8 4.4 (124) ± 0.9 -0.3 0.74 
Viljoenskroon     4.1 (63) ± 0.5 4.9 (182) ± 0.8 -3.2 0.00 3.6 (69) ± 1.5 4.9 (182) ± 0.8 -3.1 0.00 

 Monhysteridae 
Coliny     0 1.3 (12) ± 1.7 -2.4 0.02 0 1.3 (12) ± 1.7 -2.4 0.02 
Lichtenburg     0 1.5 (11) ± 1.6 -2.9 0.01 0.2 (1) ± 0.8 1.5 (11) ± 1.6 -2.3 0.03 
HRTBF         0 1.1 (7) ± 1.4 -2.4 0.02 
Ottosdal     0 2.8 (61) ± 1.9 -4.5 0.00 0.2 (1) ± 0.8 2.8 (61) ± 1.9 -4.0 0.00 
Kroonstad             
Viljoenskroon     0.2 (1) ± 0.8 1.5 (10) ± 1.5 -2.6 0.02 0 1.5 (10) ± 1.5 -3.3 0.00 

 Dorylaimida 
Coliny     0.5 (2) ± 1.0 2.4 (18) ± 1.3 -4.0 0.00 0 2.4 (18) ± 1.3 -5.6 0.00 
Lichtenburg 1.3 (7) ± 1.4 2.6 (18) ± 1.1 -2.2 0.04         
HRTBF             
Ottosdal     0.5 (2) ± 1.0 3.7 (98) ± 1.6 -5.6 0.00 1.3 (7) ± 1.4 3.7 (98) ± 1.6 -3.9 0.00 
Kroonstad             
Viljoenskroon         0.8 (5) ± 1.3 2.3 (26) ± 1.7 -2.4 0.02 
HRTBF = Hartbeesfontein 
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Table 4: Significant correlations recorded between plant-parasitic nematodes identified from rhizosphere soil samples (200 g) and soil chemical and physical 

parameters obtained from maize crops during the 2012/2013 growing season from six localities in the North-West and Free State Provinces of South Africa.  

 Soil chemical parameters Soil physical parameters 

Plant-parasitic genus/family N-NO3
1
 N-NH4

2
 P

3
 K

4
 Al

5
 AcidSat

6
 C%

7
 %Silt

8
 

Belonolaimidae   0.463      

Hoplolaimidae       -0.647 -0.443 

Meloidogyne         

Pratylenchus  -0.427   -0.430    

Quinisulcius 0.765 0.521 0.439 0.657     

Rotylenchulus       -0.522  

Tylenchorhynchus  -0.513       

Xiphinema  0.456   0.406 0.478   

1
 = Nitrogen-nitrate (mg/kg); 

2
 = Nitrogen-ammonium (mg/kg); 

3
 = Phosphorus (mg/kg); 

4
 = Potassium (mg/kg); 

5
 = Aluminium (mg/kg); 

6
 = Acid Saturation; 

7
 = organic material measured as 

percentage carbon; 
8
 = percentage silt 
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Table 5: Significant correlations recorded between non-parasitic nematodes identified from rhizosphere soil samples (200g) and soil chemical and physical 

parameters obtained from maize crops during the 2012/2013 growing season from six localities in the North-West and Free State Provinces of South Africa.  

Non-parasitic families Soil chemical parameters Soil physical parameters 

pH
1
 N-NO3

2
 N-NH4

3
 P

4
 Ca

5
 Mg

6
 Al

7
 AcidSat

8
 C%

9
 %Sand

10
 %Silt

11
 %Clay

12
 

Aphelenchidae    -0.407         

Aphelenchoididae -0.429    -0.446        

Plectidae      0.426    -0.416 0.410  

Tylenchidae      0.450   0.464 -0.457 0.497 0.416 

Anguinidae  0.441 0.443    0.407 0.466     

- = negative and + = positive correlations; 
1
 = pH (KCl); 

2
 = Nitrogen-nitrate (mg/kg); 

3
 = Nitrogen-ammonium (mg/kg); 

4
 = Phosphorus (mg/kg); 

5
 = Calcium (mg/kg); 

6
 = Magnesium (mg/kg); 

7
 = 

Aluminium (mg/kg); 
8
 = Acid saturation; 

9
 = organic material measured as percentage carbon; 

10
 = percentage sand; 

11
 = percentage silt; 

12
 = percentage clay 
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Appendix III 

Table 1: The layout of the conservation agricultural (CA) trial sites, at Buffelsvlei for the duration (2010-2014) of the study. 

Season 2010/2011 2011/2012 2012/2013 2013/2014 
Replicate 

Plot no. Cropping sequence 

1 T5 P T5 S/C T5 M T5 P 

1 

2 T1 M T1 M T1 M T1 M 

3 T6 S/C T6 M T6 P T6 S/C 

4 T7 M T7 P T7 S/C T7 M 

5 T2 M T2 M T2 M T2 M 

6 T4 M T4 S/C T4 M T4 S/C 

7 T3 S/C T3 M T3 S/C T3 M 

8 T2 M T2 M T2 M T2 M 

2 

9 T4 M T4 S/C T4 M T4 S/C 

10 T5 P T5 S/C T5 M T5 P 

11 T1 M T1 M T1 M T1 M 

12 T7 M T7 P T7 S/C T7 M 

13 T3 S/C T3 M T3 S/C T3 M 

14 T6 S/C T6 M T6 P T6 S/C 

15 T6 S/C T6 M T6 P T6 S/C 

3 

16 T3 S/C T3 M T3 S/C T3 M 

17 T4 M T4 S/C T4 M T4 S/C 

18 T2 M T2 M T2 M T2 M 

19 T5 P T5 S/C T5 M T5 P 

20 T1 M T1 M T1 M T1 M 

21 T7 M T7 P T7 S/C T7 M 

22 T2 M T2 M T2 M T2 M 

4 

23 
T7 M T7 P T7 S/C T7 M 

24 
T6 S/C T6 M T6 P T6 S/C 

25 
T5 P T5 S/C T5 M T5 P 

26 
T4 M T4 S/C T4 M T4 S/C 

27 
T3 S/C T3 M T3 S/C T3 M 

28 
T1 M T1 M T1 M T1 M 

T1 = Maize monoculture CTA (MM/CTA); T2 = Maize monoculture CA (MM/CA); T3 = Sunflower/Cowpea-Maize CA (SM/CA and CM/CA); T4 = Maize-
Sunflower/Cowpea CA (MS/CA and MC/CA; T5 = Pearl millet-Sunflower/Cowpea-Maize CA (PSM/CA and PCM/CA); T6 = Sunflower/Cowpea-Maize-
Pearl millet CA (SMP/CA and CMP/CA); T7 = Maize-Pearl millet-Sunflower/Cowpea CA (MPS/CA and MPC/CA) 
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Table 2: The layout of the conservation agricultural (CA) trial sites, at Erfdeel for the duration (2010-2014) of the study. 

Season 2010/2011 2011/2012 2012/2013 2013/2014 
Replicate 

Plot no. Cropping sequence 

29 T6 P T6 C T6 M T6 P 

1 

30 T5  M T5 P T5 C T5 M 

31 T4 C T4 M T4 C T4 M 

32 T1 M T1 M T1 M T1 M 

33 T3 M T3 C T3 M T3 C 

34 T7 C T7 M T7 P T7 C 

35 T2 M T2 M T2 M T2 M 

36 T1 M T1 M T1 M T1 M 

2 

37 T2 M T2 M T2 M T2 M 

38 T6 P T6 C T6 M T6 P 

39 T3 M T3 C T3 M T3 C 

40 T7 C T7 M T7 P T7 C 

41 T4 C T4 M T4 C T4 M 

42 T5  M T5 P T5 C T5 M 

43 T5  M T5 P T5 C T5 M 

3 

44 T3 M T3 C T3 M T3 C 

45 T6 P T6 C T6 M T6 P 

46 T2 M T2 M T2 M T2 M 

47 T4 C T4 M T4 C T4 M 

48 T7 C T7 M T7 P T7 C 

49 T1 M T1 M T1 M T1 M 

50 T7 C T7 M T7 P T7 C 

4 

51 T4 C T4 M T4 C T4 M 

52 T3 M T3 C T3 M T3 C 

53 T6 P T6 C T6 M T6 P 

54 T2 M T2 M T2 M T2 M 

55 T1 M T1 M T1 M T1 M 

56 T5  M T5 P T5 C T5 M 

T1 = Maize monoculture CTA (MM/CTA); T2 = Maize monoculture CA (MM/CA); T3 = Maize-Cowpea CA (MC/CA); T4 = Cowpea-Maize (CM/CA; 
T5 = Maize-Pearl millet-Cowpea CA (MPC/CA); T6 = Pearl millet-Cowpea-Maize CA (PCM/CA); T7 = Cowpea-Maize-Pearl millet CA (CMP/CA)  
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Table 3: A list of active ingredients of herbicides used in the conservation agriculture (CA) trial at Buffelsvallei and 

Erfdeel for the duration of the study (2010-2014). 

Commercial name Active substance (a.s) Supplier 

2.4D Amien 2.4D phenoxy compound Arysta LifeScience 

Assist Sulfentrazone & Imazethapyr FMC corporation 

Bateleur Flumetsulam & S-metolachlor Syngenta 

Ciplaquat Paraquat (bypyridyl) Cipla Agricare 

Dual Gold® S-metolachlor Syngenta 

Euro Lightning Imazapyr & Imazamox BASF 

Gramoxone Paraquat Syngenta 

Karate Lambda cyhalothrin Syngenta 

Roundup Glyphosate Monsanto 

Tronic
TM

 
Wetting agents, petroleum hydrocarbons & 

spreading agents 
Plaaskem 

Roundup Power Max Glyphosate Monsanto 
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Table 4: Fertiliser and herbicide applications for the conservation agriculture (CA)-trials at Buffelsvallei and Erfdeel for the different crops planted during each growing season 

from 2010-2014. 

   Herbicide/Weeding 

Locality & Crop Season Fertilizer (kg/ha) At planting During growing season 

  N P K Commercial name and application rate Commercial name and application rate 

Buffelsvallei: Maize 

2010/2011 27* & 70** 18 9 Gramaxone (3l/ha) & Dual Gold® (600ml/ha) 
Roundup (2.5l/ha & 2l/ha): Dec 2010 & Jan 2011; May 2011 

Dual Gold® @ 250ml/ha (Jan 2011) 

2011/2012 25* & 76**  17 8 
***Roundup (3l/ha), Dual Gold® (500ml/ha) & Karate 

(70ml/ha) 
Roundup (2.5l/ha & 270ml/ha): Jan 2012; Tronic

TM
 & Assist 

2012/2013 13* & 67** 8 4 
Assist (6.8l/ha), Cipla (4.5l/ha), Tronic (50ml/ha), 

Gramaxone (4l/ha) & Karate (70ml/ha) 

Roundup (2l/ha): Jan 2013, Dual Gold® (500ml/ha): Jan 2013 & 

Gramoxone (3l/ha): May 2013 

2013/2014 18.8 12.5 6.3 
Dual Gold® (400ml/ha); Karate (70ml/ha) & Gramoxone 

(4l/ha) 

Roundup (2l/ha): Feb 2014 

Erfdeel: Maize 

2010/2011 27* & 70** 18 9 Dual Gold® (600ml/ha) & Roundup (2.5l/ha) 

Roundup (2.5l/ha): Dec 2010 & Jan 2011; Manual: Nov 2010; 

Roundup (2l/ha) & Dual Gold® (300ml/ha): Jan 2011; Roundup 

(2l/ha): May 2011 

2011/2012 23* & 6** 11 6 
Dual Gold® (250ml/ha); Roundup (2.8l/ha & 500ml/ha); 

2.4D Amien (500ml/ha) & Karate (70ml/ha) 
Manual: March 2012 

2012/2013 25* & 76** 17 22 Dual Gold® (300ml/ha) & Karate (70ml/ha) Manual: Jan 2013 & Apr 2013 

2013/2014 32 16 8 + 12 Dual Gold® (350ml/ha) & Karate (70ml/ha) None 

Buffelsvallei: 

Sunflower 

2010/2011 27* & 70** 18 9 Dual Gold® (60ml/ha) & Roundup (2l/ha) Manual: Des 2010 

2011/2012 25 17 8 
Roundup (3l/ha); Dual Gold® (½ dose); Assist; Tronic

TM
 

& Karate (70ml/ha) 

Manual: Feb 2012; Roundup (2l/ha): May 2012; 2.4D Amien 

(700ml/ha) & Assist: May 2012 

2012/2013 13* & 28** 9 4 
Assist (6.8l/ha); Cipla (4.5l/ha); Tronic (50ml/ha); 

Gramoxone (4l/ha) & Karate (70ml/ha) 

Gramoxone (3l/ha), Dual Gold® (300ml/ha), Tronic
TM

, Assist 

(2%): Jan 2013; Gramoxone (3l/ha): May 2013 

2013/2014 2.5 & 28 8.3 4.2 
Dual Gold® (400ml/ha); Karate (70ml/ha) & Gramoxone 

(4l/ha) 

Euro Lightning (l/ha): Dec 2014; Manual: Jan 2014; Roundup 

Power Max (2l/ha) & Assist: Jun 2014 
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Table 4: Continues 

   Herbicide/Weeding 

Locality & Crop Season Fertilizer (kg/ha) At planting During growing season 

  N P K Commercial name and application rate Commercial name and application rate 

Buffelsvallei: 

Cowpea 

2010-2011 17* 11 6 None Manual: Nov 2010 & Jan 2011 

2011-2012 25* 17 8 ***Roundup (3l/h); Bateleur (1l/ha) & Karate (70ml/ha) Manual: Jan 2012 

2012-2013 13* 9 4.4 
Assist (6.8l/ha); Cipla (4.5l/ha); Tronic (50ml/ha); 

Gramoxone (4l/ha) & Karate (70ml/ha) 

Gramoxone (3l/ha), Dual Gold® (300ml/ha), Tronic
TM

, Assist 

(2%): Jan 2013 & Gramoxone (3l/ha): May 2013 

2013-2014 12.5 8.3 4.2 Bateleur (1l/ha); Gramoxone (2l/ha) & Karate (70ml/ha) Euro Lightning (1l/ha): Dec 2013 

Erfdeel: Cowpea 

2010-2011 27* 18 9 None Manual: Dec 2010 

2011-2012 23* 11 6 
Bateleur (700ml/ha); Roundup (2.8l/ha); 2.4D Amien 

(500ml/ha) & Karate (70ml/ha) 
Manual: March 2012 

2012-2013 12* 8 11 Bateleur (1l/ha) & Karate (70ml/ha) Manual: Jan 2013 

2013-2014 16 8 4 Bateleur (700ml/ha) & Karate (70ml/ha) None 

Buffelsvallei: Pearl 

millet 

2010/2011 27* & 70** 18 9 None Manual: Jan 2011; Roundup (2l/ha): May 2011 

2011/2012 25* & 76** 17 8 Roundup (3l/ha) & Dual Gold® (50ml/ha) Manual: Jan 2012 & Feb 2012 

2012/2013 13* & 69** 8 4.2 
Assist (6.8l/ha); Cipla (4.5l/ha); Tronic (50ml/ha) & Dual 

Gold® (35ml/ha) between rows 

Gramaxone (3l/ha), Dual Gold® (300ml/ha), Tronic
TM

, Assist 

(2%): Jan 2013; Gramoxone (3l/ha): May 2013 

2013/2014 12.5 8 4 None Gramoxone (3l/ha) between rows: Dec 2013; Manual: Feb 2014 

Erfdeel: Pearl millet 

2010/2011 27 18 9 Roundup (1.7l/ha) Roundup (2l/ha): May 2011 

2011/2012 23 11 6 
Dual Gold® (250ml/ha, 2.8l/ha), 2.4D Amien (500ml/ha) 

& Karate (70ml/ha) between rows 
Manual: March 2012 

2012/2013 28 8 11 
Dual Gold® (300ml/ha) & Karate (70ml/ha) between 

rows 
Manual: Jan 2013 

2013/2014 16 8 4 Gramoxone (3l/ha) None 

* Nitrogen rate applied at planting 

** 
Nitrogen top dress rate about six weeks after planting 

***Roundup were always mixed with 2 % Booster wetting agent and 0.1 l Bladuff 
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Table 5: A summary of the trial layout for the conservation agriculture (CA)-trial conducted at the Buffelsvallei locality where nematodes were sampled from the 2010-2011 
until 2013-2014 growing seasons including the chemical and physical soil composition for each plot sampled, mean annual rainfall, minimum temperature, maximum 
temperature and relative humidity for each growing season. 

 
Agricultural 

practice 
Crop rotation 

regime 
pH (KCl) 

P (Bray1, 
mg/kg) 

K (mg/kg) Ca (mg/kg) Mg (kg/ha) Na (mg/kg) %C Acid Saturation 

Plot 
no. 

2011/12/13/14 2011/12/13/14 2011/12/13/14 2011/12/13/14 2011/12/13/14 2011/12/13/14 2011/12/13/14 2011/12/13/14 2011/12/13/14 2011/12/13/14 

1 
CA

1
 M/P/S/M

3
 5.3/5.4/5.0/5.4 101/124/64/78 283/260/259/277 365/425//397/409 65/85/76/80 21/4/10/6 0.5/0.5/0.4/0.4 0.8/2.0/1.4/0.7 

CA M/P/C/M
4
 5.6/5.4/5.4/5.4 90/124/57/78 245/260/262/277 365/425/456/409 77/85/94/80 12/4/9/6 0.5/0.5/0.4/0.4 1.4/2.0/0.5/0.7 

2 CTA
2
 M/M/M/M

5
 5.0/5.5/5.0/5.0 96/75/46/49 161/181/206/226 325/440/364/388 72/95/81/81 19/3/11/6 0.5/0.6/0.4/0.4 1.9/0.3/0.5/1.1 

3 
CA P/S/M/P

6
 5.1/4.9/4.8/4.3 55/108/33/47 125/123/208/135 289/293/281/270 70/75/63/60 20/3/11/4 0.4/0.5/0.3/0.3 2.1/9.5/2.0/4.5 

CA P/C/M/P
7
 4.6/4.8/4.5/4.3 60/67/46/47 97/148/117/135 276/317/270/270 66/77/64/60 11/3/10/4 0.5/0.4/0.3/0.3 3.8/2.2/4.2/4.5 

4 
CA S/M/P/S

8
 5.0/4.6/4.4/4.1 52/79/32/43 103/101/105/96 293/260/267/223 66/57/63/52 9/3/13/3 0.5/0.4/0.3/0.3 1.6/8.4/6.7/10.8 

CA C/M/P/C
9
 4.5/4.6/4.4/4.1 75/66/32/34 79/86/105/99 229/237/267/239 56/68/63/51 10/3/13/3 0.4/0.5/0.3/0.3 9.7/11.5/6.7/12.1 

5 CA M/M/M/M
10

 4.8/4.5/4.1/4.2 55/70/41/34 74/61/66/72 230/213/235/229 63/55/49/54 10/0/7/3 0.4/0.3/0.2/0.3 8.5/15.0/11.1/10.4 

6 
CA S/M/S/M

11
 5.0/4.7/4.5/4.2 38/56/22/32 60/89/114/59 195/196/227/190 55/52/59/46 10/3/27/3 0.4/0.4/0.2/0.3 11.5/15.2/4.9/12.1 

CA C/M/C/M
12

 4.8/4.2/4.6/4.1/4.2 39/56/25/32 43/69/92/59 201/225/191/190 57/59/42/46 10/1/9/3 0.4/0.3/0.2/0.3 10.6/11.5/13.0/12.1 

7 
CA M/S/M/S

13
 4.8/4.6/4.4/4.3 52/63/23/34 50/65/56/65 199/219/240/226 49/56/56/57 9/3/6/1 0.4/0.3/0.2/0.2 7.9/10.1/4.6/7.8 

CA M/C/M/C
14

 5.0/5.4/4.3/4.2 44/58/21/26 50/63/51/37 193/281/208/204 52/79/55/44 11/1/5/1 0.4/0.4/0.2/0.2 7.7/2.5/5.9/11.7 

8 CA M/M/M/M 5.0/5.1/4.6/4.6 61/58/41/43 188/225/189/190 325/336/317/314 84/71/60/56 14/5/8/6 0.6/0.6/0.4/0.4 1.4/1.4/2.0/2.5 

9 
CA S/M/S/M 5.2/5.0/4.6/4.7 44/56/26/35 255/225/224/198 261/291/288/296 69/66/57/52 11/5/7/5 0.6/0.5/0.4/0.4 1.0/3.3/3.0/2.2 

CA C/M/C/M 4.9/5.1/4.9/4.7 38/70/24/35 170/180/177/198 276/305/311/296 63/73/61/52 16/3/7/5 0.6/0.6/0.4/0.4 1.2/2.5/1.3/2.2 

10 
CA M/P/S/M 4.5/5.0/4.6/4.5 53/66/15/34 230/193/186/184 260/264/265/277 64/66/64/52 12/3/4/5 0.6/0.5/0.3/0.3 2.2/4.7/2.8/3.8 

CA M/P/C/M 4.7/5.0/4.7/4.5 49/66/21/34 128/193/156/184 236/264/318/277 57/66/66/52 14/3/9/5 0.5/0.5/0.4/0.3 7.8/4.7/2.4/3.8 

11 CTA M/M/M/M 4.8/5.0/4.7/4.5 55/31/31/49 118/134/148/157 289/288/305/303 75/78/73/68 11/3/7/5 0.6/0.4/0.3/0.4 2.6/2.5/2.0/3.0 

12 
CA S/M/P/S 5.2/4.9/4.7/4.3 44/89/21/37 153/152/138/144 314/293/313/277 88/77/73/64 11/1/6/4 0.5/0.5/0.3/0.4 1.2/3.2/2.1/6.3 

CA C/M/P/C 5.0/4.7/4.7/4.3 41/83/21/42 143/109/138/123 293/260/313/271 77/67/73/59 14/3/6/5 0.5/0.5/0.3/0.3 2.9/11.2/2.1/7.6 

13 
CA M/S/M/S 4.9/5.0/4.8/4.5 55/100/19/41 105/95/120/114 285/354/369/306 72/87/88/64 14/3/4/5 0.4/0.4/0.3/0.3 6.6/7.8/1.1/3.4 

CA M/C/M/C 4.8/5.2/4.5/4.5 41/56/19/22 83/78/72/73 271/309/226/288 73/83/62/69 17/1/3/4 0.5/0.4/0.3/0.3 3.7/3.1/3.6/4.3 
1
CA = conservation agriculture; 

2
CTA = conventional agriculture; 

3
M/P/S/M = Maize-Pearl millet-Sunflower-Maize sequence; 

4
M/P/C/M = Maize-Pearl millet-Cowpea-Maize sequence; 

5
M/M/M/M = monoculture 

maize under CTA; 
6
P/S/M/P = Pearl millet-Sunflower-Maize-Pearl millet sequence; 

7
P/C/M/P = Pearl millet-Cowpea-Maize-Pearl millet; 

8
S/M/P/S = Sunflower-Maize-Pearl millet-Sunflower sequence; 

9
C/M/P/C = 

Cowpea-Maize-Pearl millet-Cowpea; 
10

M/M/M/M = monoculture maize under CA; 
11

S/M/S/M = Sunflower-Maize-Sunflower-Maize sequence; 
12

C/M/C/M = Cowpea-Maize-Cowpea-Maize sequence; 
13

M/S/M/S = 

Maize-Sunflower-Maize-Sunflower sequence; 
14

M/C/M/C = Maize-Cowpea-Maize-Cowpea sequence 
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Table 5 continues 

 
Agricultural 

practice 
Crop rotation 

regime 
pH (KCl) 

P (Bray1, 
mg/kg) 

K (mg/kg) Ca (mg/kg) Mg (kg/ha) Na (mg/kg) %C Acid Saturation 

Plot 
no. 

2011/12/13/14 2011/12/13/14 2011/12/13/14 2011/12/13/14 2011/12/13/14 2011/12/13/14 2011/12/13/14 2011/12/13/14 2011/12/13/14 2011/12/13/14 

14 
CA P/S/M/P 4.5/4.9/4.4/4.3 53/64/17/21 66/70/75/76 177/240/185/206 45/68/45/45 9/3/1/3 0.4/0.4/0.2/0.2 12.4/3.7/7.2/8.1 

CA P/C/M/P 4.8/4.9/4.7/4.3 30/41/15/21 57/71/71/76 220/210/208/206 55/56/57/45 11/3/2/3 0.4/0.4/0.2/0.2 5.2/4.9/3.8/8.1 

15 
CA P/S/M/P

6
 5.2/5.4/5.3/5.2 48/84/17/21 117/181/161/135 362/377/358/391 89/75/74/75 5/3/5/7 0.5/0.2/0.4/0.4 0.3/1.0/1.8/0.7 

CA P/C/M/P
7
 5.4/5.3/5.4/5.2 31/78/20/21 130/144/167/135 331/349/377/391 81/86/70/75 6/3/5/7 0.6/0.5/0.3/0.4 1.0/1.2/0.9/0.7 

16 
CA M/S/M/S

13
 4.9/5.2/4.6/4.5 37/55/14/26 81/127/120/114 271/341/282/290 74/88/73/57 3/5/4/6 0.5/0.5/0.3/0.3 2.1/3.3/2.0/2.7 

CA M/C/M/C
14

 4.9/5.0/4.9/4.4 45/65/15/21 76/74/116/91 266/256/275/269 67/55/73/63 3/3/4/5 0.6/0.5/0.3/0.3 5.4/4.8/3.3/5.5 

17 
CA S/M/S/M

11
 5.3/4.9/4.9/4.6 34/41/12/22 90/74/97/116 306/270/292/291 87/65/74/65 8/1/4/5 0.6/0.5/0.3/0.3 1.0/4.0/2.3/2.8 

CA C/M/C/M
12

 5.0/4.7/4.6/4.6 38/34/15/22 110/125/97/116 285/270/271/291 78/66/63/65 5/3/5/5 0.6/0.5/0.3/0.3 1.6/5.3/2.7/2.8 

18 CA M/M/M/M
10

 4.9/4.8/4.9/4.4 38/54/24/34 79/67/93/102 321/214/293/264 78/49/62/60 0/1/4/1 0.6/0.5/0.3/0.3 1.1/6.3/2.3/4.8 

19 
CA M/P/S/M

3
 4.8/4.7/4.5/4.4 49/66/14/25 75/86/91/105 289/244/268/285 79/64/72/66 1/1/4/3 0.6/0.5/0.3/0.4 3.9/6.3/3.1/4.9 

CA M/P/C/M
4
 4.7/4.7/4.6/4.4 34/66/21/25 66/86/111/105 273/244/271/285 73/64/70/66 4/1/4/3 0.6/0.5/0.3/0.4 2.6/3.2/3.0/4.9 

20 CTA M/M/M/M
5
 4.8/4.9/4.7/4.7 34/35/24/30 63/70/106/97 259/267/286/293 72/63/73/67 4/1/3/4 0.5/0.4/0.3/0.3 4.3/1.4/2.3/2.4 

21 
CA S/M/P/S

8
 5.0/4.9/4.7/4.7 25/62/24/18 84/111/94/83 306/316/294/303 85/83/69/73 2/3/5/1 0.6/0.4/0.3/0.3 1.1/2.4/1.7/2.3 

CA C/M/P/C
9
 5.4/5.0/4.7/4.5 29/49/24/18 106/102/94/114 292/298/294/285 76/76/69/61 4/3/5/3 0.6/0.5/0.3/0.3 1.0/2.6/1.7/3.3 

22 CA M/M/M/M 5.1/5.3/5.3/5.1 38/78/15/20 81/185/128/79 348/335/426/367 85/68/89/76 8/4/4/1 0.6/0.6/0.3/0.3 1.0/2.0/0.3/0.9 

23 
CA S/M/P/S 5.2/5.0/4.7/4.8 29/53/18/17 66/117/109/80 311/284/309/288 84/84/70/72 4/4/5/3 0.7/0.5/0.3/0.3 0.5/2.7/1.2/2.0 

CA C/M/P/C 5.1/5.0/4.7/4.4 35/49/18/20 97/93/109/89 274/265/309/249 78/80/70/60 10/4/5/5 0.6/0.5/0.3/0.3 2.5/1.8/1.2/5.6 

24 
CA P/S/M/P 5.0/5.1/4.8/4.6 51/46/14/20 74/84/109/96 266/322/307/290 79/85/73/69 6/3/4/4 0.6/0.5/0.3/0.3 4.0/2.6/1.9/4.2 

CA P/C/M/P 5.0/5.0/4.9/4.6 43/67/13/20 67/80/108/96 282/279/307/290 82/83/68/69 6/3/2/4 0.8/0.4/0.3/0.3 1.7/3.2/1.3/4.2 

25 
CA M/P/S/M 4.8/4.8/4.8/4.4 46/46/13/27 60/87/82/84 241/249/267/244 71/64/68/56 6/4/1/4 0.6/0.4/0.3/0.3 2.9/3.2/1.0/6.7 

CA M/P/C/M 4.7/4.8/4.5/4.4 49/46/32/27 79/87/103/84 240/249/233/244 67/64/58/56 9/4/3/4 0.6/0.4/0.3/0.3 3.9/2.8/3.8/6.7 

26 
CA S/M/S/M 5.0/4.9/4.5/4.4 36/47/20/26 76/63/107/76 224/226/197/255 70/70/60/57 5/3/1/6 0.6/0.4/0.3/0.3 3.8/2.3/5.6 

CA C/M/C/M 5.2/5.0/4.4/4.4 32/54/19/26 65/70/84/76 269/256/233/255 79/71/53/57 8/3/2/6 0.6/0.4/0.3/0.3 1.2/3.6/5.6 

27 
CA M/S/M/S 5.1/4.8/5.0/4.3 31/65/16/31 64/65/105/59 271/244/304/260 65/71/72/57 9/3/4/4 0.6/0.5/0.3/0.3 0.7/1.5/1.3 

CA M/C/M/C 4.9/5.0/4.5/4.5 61/52/29/17 61/70/81/76 269/269/278/256 74/81/66/65 8/3/2/4 0.6/0.5/0.3/0.3 4.7/0.5/4.1 

28 CTA M/M/M/M 5.0/5.1/5.2/4.7 36/25/20/19 62/87/80/69 284/282/358/205 79/85/72/68 7/1/2/4 0.5/0.4/0.3/0.3 1.5/6.3/0.3 
1
CA = conservation agriculture; 

2
CTA = conventional agriculture; 

3
M/P/S/M = Maize-Pearl millet-Sunflower-Maize sequence; 

4
M/P/C/M = Maize-Pearl millet-Cowpea-Maize sequence; 

5
M/M/M/M = monoculture maize 

under CTA; 
6
P/S/M/P = Pearl millet-Sunflower-Maize-Pearl millet sequence; 

7
P/C/M/P = Pearl millet-Cowpea-Maize-Pearl millet; 

8
S/M/P/S = Sunflower-Maize-Pearl millet-Sunflower sequence; 

9
C/M/P/C = Cowpea-

Maize-Pearl millet-Cowpea; 
10

M/M/M/M = monoculture maize under CA; 
11

S/M/S/M = Sunflower-Maize-Sunflower-Maize sequence; 
12

C/M/C/M = Cowpea-Maize-Cowpea-Maize sequence; 
13

M/S/M/S = Maize-Sunflower-

Maize-Sunflower sequence; 
14

M/C/M/C = Maize-Cowpea-Maize-Cowpea sequence 
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Table 6: A summary of the trial layout for the conservation agriculture (CA) trial conducted at the Erfdeel locality where nematodes were sampled from the 2010/2011 until 
2013/2014 growing seasons including the chemical and physical soil composition for each plot sampled and the mean annual rainfall, minimum temperature, maximum 
temperature and relative humidity for each growing season. 

 Treatment 
Crop 

rotation 
regime 

pH (KCl) 
P (Bray1, 
mg/kg) 

K (mg/kg) Ca (mg/kg) Mg (kg/ha) 
Na 

(mg/kg) 
%C Acid Saturation 

Plot 
no. 

 
2011/12/13/

14 
2011/12/13/14 2011/12/13/14 2011/12/13/14 2011/12/13/14 

2011/12/13/
14 

2011/12/
13/14 

2011/12/13/14 2011/12/13/14 

29 CA
1
 P/C/M/P

3
 4.9/4.9/5.3/4.3 54/54/64/74 32/90/56/23 147/149/141/122 34/30/38/23 4/0/0/3 0.3/0.3/0.2/0.2 3.5/5.6/2.9/17.1 

30 CA M/P/C/M
4
 4.7/4.1/4.8/4.9 63/65/58/69 29/51/85/22 177/82/103/129 33/18/27/35 4/0/0/3 0.3/0.3/0.2/0.2 12.8/31.8/10.4/5.4 

31 CA C/M/C/M
5
 4.8/5.4/5.0/5.1 52/71/61/67 97/47/58/22 126/203/121/167 31/29/28/29 5/0/0/3 0.4/0.4/0.2/0.2 7.9/1.4/12.4/3.7 

32 CTA
2
 M/M/M/M

6
 5.0/4.5/5.8/5.5 59/68/63/59 41/28/26/16 195/147/375/169 36/21/26/27 6/0/0/3 0.3/0.3/0.3/0.2 19.3/15.4/0.7/2.8 

33 CA M/C/M/C
7
 5.1/4.9/4.5/5.3 63/45/61/53 23/81/38/30 250/163/111/197 42/33/26/39 5/0/0/1 0.4/0.4/0.3/0.2 12.1/11/17.9/3.1 

34 CA C/M/P/C
8
 4.8/5.1/5.2/4.7 56/67/60/68 109/60/47/33 111/211/148/140 30/32/35/29 6/0/0/3 0.3/0.3/0.3/0.2 4.4/5/10.1/13.9 

35 CA M/M/M/M
9
 4.5/5.0/6.1/4.9 58/71/58/70 29/26/20/16 165/156/217/140 27/26/35/25 6/2/0/2 0.2/0.3/0.2/0.2 9.7/8/0.8/6 

36 CTA M/M/M/M 5.8/5.2/4.3/4.7 76/91/86/78 43/53/40/24 234/193/114/150 56/41/26/33 8/1/0/3 0.4/0.4/0.3/0.2 1.2/3/16.4/7.1 

37 CA M/M/M/M 4.5/4.9/5.3/4.6 71/80/79/63 36/42/53/23 138/152/158/141 35/33/33/27 10/0/0/3 0.4/0.3/0.2/0.2 9.4/8/2.8/9.3 

38 CA P/C/M/P 4.9/5.5/5.1/4.8 54/73/79/68 37/103/40/16 157/183/127/130 35/35/37/28 5/3/0/0 0.4/0.3/0.2/0.2 5.7/4.3/5.1/8.3 

39 CA M/C/M/C 5.3/4.9/4.3/4.8 72/69/66/44 38/67/35/23 173/145/78/127 40/27/19/25 4/0/0/1 0.4/0.3/0.2/0.2 2.6/10.6/27.4/8.1 

40 CA C/M/P/C 5.5/5.1/5.1/5.3 70/83/72/65 113/59/46/39 172/148/144/162 36/34/34/36 10/0/3/3 0.4/0.3/0.2/0.2 3.6/5.8/5/4.2 

41 CA C/M/C/M 4.8/5.4/5.2/5.3 65/67/80/59 113/54/81/29 108/175/136/137 27/30/30/33 8/0/3/3 0.4/0.3/0.2/0.2 6.0/6/4.6/3.4 

42 CA M/P/C/M 4.6/4.3/5.0/4.2 80/83/71/82 38/37/82/19 120/111/139/91 26/20/28/17 4/0/3/0 0.3/0.3/0.2/0.2 8.4/19.7/8.3/25.6 

43 CA M/P/C/M 5.3/5.5/4.9/4.5 106/105/114/138 46/53/79/43 173/220/114/132 46/41/30/29 7/0/5/3 0.3/0.4/0.1/0.2 3.4/3.8/11.6/18.7 

44 CA M/C/M/C 4.4/5.0/5.2/4.5 105/115/116/112 67/103/48/31 104/157/144/127 28/38/37/28 7/0/3/4 0.3/0.4/0.2/0.2 16.5/6.7/5.1/15.7 

45 CA P/C/M/P 4.7/5.1/5.2/4.6 117/122/114/118 36/111/71/26 131/166/129/125 27/28/37/23 7/0/3/4 0.3/0.3/0.2/0.1 12.4/10.8/6.3/16.5 

46 CA M/M/M/M 5.4/5.0/4.6/4.9 106/101/92/100 34/34/42/26 167/167/100/148 40/25/27/35 4/0/3/1 0.3/0.2/0.1/0.2 4.6/10.9/17.4/13.2 

47 CA C/M/C/M 5.6/5.6/5.8/5.2 66/102/104/77 93/54/76/31 154/169/271/170 36/34/35/26 8/0/3/1 0.4/0.3/0.2/0.2 2.9/5.6/1.7/5 

48 CA C/M/P/C 5.7/5.2/4.8/4.9 68/87/94/86 97/55/41/37 181/145/117/118 36/32/28/26 8/0/3/3 0.3/0.3/0.2/0.2 1.9/4.6/11/9.4 
1
CA = conservation agriculture; 

2
CTA = conventional agriculture; 

3
P/C/M/P = Pearl millet-Cowpea-Maize-Pearl millet; 

4
M/P/C/M = Maize-Pearl millet-Cowpea-Maize; 

5
C/M/C/M = 

Cowpea-Maize-Cowpea-Maize; 
6
M/M/M/M = monoculture maize under CTA; 

7
M/C/M/C = Maize-Cowpea-Maize-Cowpea; 

8
C/M/P/C = Cowpea-Maize-Pearl millet-Cowpea; 

9
M/M/M/M = 

monoculture maize under CA 
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Table 6 continues 

 Treatment 
Crop 

rotation 
regime 

pH (KCl) 
P (Bray1, 
mg/kg) 

K (mg/kg) Ca (mg/kg) Mg (kg/ha) 
Na 

(mg/kg) 
%C Acid Saturation 

Plot 
no. 

 
2011/12/13/

14 
2011/12/13/14 2011/12/13/14 2011/12/13/14 2011/12/13/14 

2011/12/13/
14 

2011/12/
13/14 

2011/12/13/14 2011/12/13/14 

49 CTA M/M/M/M 5.8/4.8/5.6/5.1 92/90/87/96 31/26/31/21 205/116/170/165 39/26/34/25 9/0/3/3 0.3/0.3/0.2/0.2 1.0/12.5/2.6/6.6 

50 CA C/M/P/C 5.8/5.7/5.7/5.3 65/73/75/68 86/54/43/49 206/209/198/187 44/50/40/39 10/0/3/5 0.3/0.3/0.2/0.2 1.2/2.4/1.5/3.3 

51 CA C/M/C/M 5.6/5.6/5.4/5.3 67/94/79/73 104/77/86/31 173/205/176/193 42/45/40/34 7/0/3/3 0.4/0.3/0.2/0.2 2.5/1.7/3.6/3.1 

52 CA M/C/M/C
7
 5.4/5.6/5.7/5.4 84/154/133/111 56/142/72/47 195/239/239/237 49/46/41/33 7/2/4/3 0.4/0.3/0.3/0.2 3.2/6/2.1/6.5 

53 CA P/C/M/P
3
 5.1/5.7/5.8/5.7 66/85/83/61 27/121/51/26 155/249/219/218 38/37/36/34 9/0/3/5 0.3/0.3/0.2/0.2 3.7/1.7/1.2/2.6 

54 CA M/M/M/M
9
 5.5/5.3/5.7/5.6 88/94/92/77 43/46/42/34 200/180/221/189 42/40/42/38 9/0/0/5 0.3/0.3/0.3/0.2 4.0/3.1/2.1/2.9 

55 CTA M/M/M/M
6
 5.2/5.4/5.7/5.7 87/91/94/80 37/62/59/30 201/217/265/209 39/45/41/42 11/3/0/3 0.4/0.3/0.3/0.2 4.3/2.5/1.6/1.7 

56 CA M/P/C/M
4
 5.4/5.0/5.9/5.3 77/118/77/101 43/45/63/39 311/169/202/173 49/27/42/35 11/0/0/3 0.4/0.3/0.2/0.2 4.4/8.2/1.2/4.6 

1
CA = conservation agriculture; 

2
CTA = conventional agriculture; 

3
P/C/M/P = Pearl millet-Cowpea-Maize-Pearl millet; 

4
M/P/C/M = Maize-Pearl millet-Cowpea-Maize; 

5
C/M/C/M =  

Cowpea-Maize-Cowpea-Maize; 
6
M/M/M/M = monoculture maize under CTA; 

7
M/C/M/C = Maize-Cowpea-Maize-Cowpea; 

8
C/M/P/C = Cowpea-Maize-Pearl millet-Cowpea; 

9
M/M/M/M =  

monoculture maize under CA 
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Roots (50 g) 

Buffelsvallei: Cowpea as part of the rotation 

 

 

 

 

 

 

 

 

 

 

 

 

Table 7: Summary of significant data [log(x+1)] for Meloidogyne javanica and Rotylenchulus parvus population levels per 50 g roots from monoculture maize as well as 

cropping  sequences (CRS) which included maize, cowpea and pearl millet in the growing seasons at Buffelsvallei (2012-2014). 

Meloidogyne javanica Rotylenchulus parvus 

Locality & crop Interaction F-value p-value Locality & crop Interaction F-value p-value 

Buffelsvallei: 

Cowpea 

Sampling intervals 1.6 0.22 
Buffelsvallei: 

Cowpea 

Sampling intervals 1.2 0.27 

Season 1.4 0.25 Season 10 <0.0001 

Sampling interval x season 0.1 0.79 Sampling intervals x season 9.6 <0.0001 

 

Fig. 1: Meloidogyne javanica. collected 60 and 100 days after planting 

for 50 g roots at Buffelsvallei in the 2012/2013 and 2013/2014 seasons 

with maize, cowpea and pearl millet as part of the cropping sequence. 

Fig. 2: Rotylenchulus parvus collected 60 and 100 days after planting for 

50 g roots at Buffelsvallei in the 2012/2013 and 2013/2014 seasons with 

maize, cowpea and pearl millet as part of the cropping sequence. 
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Buffelsvallei: Sunflower as part of the rotation 

 

 

 

 

 

 

 

 

 

 

 

 

Table 8: Summary of significant data [log(x+1)] for Meloidogyne javanica and Rotylenchulus parvus population levels per 50 g roots from monoculture maize as well as crop 

ping sequences (CRS) which included maize, sunflower and pearl millet for the different growing seasons at Buffelsvallei (2012-2014). 

Meloidogyne javanica Rotylenchulus parvus 

Locality & crop Interaction F-value p-value Locality & crop Interaction F-value p-value 

Buffelsvallei: 

Sunflower 

Sampling interval 2.3 0.14 
Buffelsvallei: 

Sunflower 

Sampling interval 5.7 0.02 

Season 0.01 0.91 Season 3.5 0.07 

Sampling interval x season 0.4 0.56 Sampling interval x season 23.2 <0.0001 
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Fig. 3: Meloidogyne javanica collected 60 and 100 days after planting 

from 50 g roots at Buffelsvallei for the 2012/2013 and 2013/2014 

seasons with maize, sunflower and pearl millet as part of the cropping 

sequence. 

Fig. 4: Rotylenchulus parvus collected 60 and 100 days after planting 

from 50 g roots at Buffelsvallei for the 2012/2013 and 2013/2014 

seasons with maize, sunflower and pearl millet as part of the cropping 
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Erfdeel: Cowpea as part of the rotation 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 9: Summary of significant data [log(x+1)] for Meloidogyne incognita and Rotylenchulus parvus population levels per 50 g roots from monoculture maize as well as 

cropping sequences (CRS) which included maize, cowpea and pearl millet in the growing seasons at Erfdeel (2010-2014). 

Meloidogyne incognita Rotylenchulus parvus 

Locality & crop Interaction F-value p-value Locality & crop Interaction F-value p-value 

Erfdeel: Cowpea 

Sampling intervals 22.6 <0.0001 

Erfdeel: Cowpea 

Sampling intervals 72.8 <0.0001 

Season 6.3 <0.0001 Season 85.7 <0.0001 

Sampling intervals x season 3.5 0.02 Sampling intervals x season 32.2 <0.0001 

 

 

 2010/2011  2011/2012  2012/2013  2013/2014

60 100

Sampling interval

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

M
e

lo
id

o
g

y
n

e
 i

n
c

o
g

n
it

a
 e

g
g

s
 &

 J
2

 n
u

m
b

e
rs

/5
0

 g

ro
o

ts

(F = 3.45, p = 0.02)

 2010/2011  2011/2012  2012/2013  2013/2014

60 100

Sampling interval

-2

-1

0

1

2

3

4

5

6

7

R
o

ty
le

n
c

h
u

lu
s

 p
a

rv
u

s
 e

g
g

 n
u

m
b

e
rs

/5
0

 g
 r

o
o

ts

(F = 32.19, p = 0.00)

Fig. 5: Meloidogyne incognita collected 60 and 100 days after planting 

from 50 g roots at Erfdeel for the duration of the study (2010-2014) with 

maize, cowpea and pearl millet as part of the cropping sequence. 

Fig. 6: Rotylenchulus parvus collected 60 and 100 days after planting 

from 50 g roots at Erfdeel for the duration of the study (2010-2014) with 

maize, cowpea and pearl millet as part of the cropping sequence. 
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Roots (5 g) 

Buffelsvallei: Cowpea as part of the rotation 

 

 

 

 

 

 

 

 

 

 

 

 

Table 10: Summary of significant data [log(x+1)] for Pratylenchus spp. population levels per 5 g roots 

from monoculture maize as well as cropping sequences (CRS) which included maize, cowpea and 

pearl millet in the growing seasons at Buffelsvallei (2010-2014). 

Pratylenchus spp. 

Locality and crop Interaction F-value p-value 

Buffelsvallei:  

Cowpea 

Sampling interval 16.9 <0.0001 

Season 14.3 <0.0001 

Sampling interval x season 2.4 0.07 
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Fig. 7: Pratylenchus spp. collected 60 and 100 days after planting from 5 

g roots at Buffelsvallei for the duration of the study (2010-2014) with 

maize, cowpea and pearl millet as part of the cropping sequence. 
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Buffelsvallei: Sunflower as part of the rotation 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 11: Summary of significant data [log(x+1)] for Pratylenchus spp. population levels per 5-g roots 

from monoculture maize as well as cropping sequences (CRS) which included maize, cowpea and 

pearl millet in the growing seasons at Buffelsvallei (2010-2014). 

Pratylenchus spp. 

Locality and crop Interaction F-value p-value 

Buffelsvallei:  

Sunflower 

Sampling interval 13.1 <0.0001 

Season 24.7 <0.0001 

Sampling interval x season 2.2 0.09 
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Fig. 8: Pratylenchus spp. collected 60 and 100 days after planting from 

5-g roots at Buffelsvallei for the duration of the study (2010-2014) with 

maize, sunflower and pearl millet as part of the cropping sequence. 
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Erfdeel: Cowpea as part of the rotation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 12: Summary of significant data [log(x+1)] for Pratylenchus spp. population levels per 5-g roots 

from monoculture maize as well as cropping sequences (CRS) which included maize, cowpea and 

pearl millet in the growing seasons at Erfdeel (2010-2014). 

Pratylenchus spp. 

Locality and crop Interaction F-value p-value 

Erfdeel: Cowpea 

Sampling interval 0.4 0.52 

Season 12.0 <0.0001 

Sampling interval x season 8.7 <0.0001 
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Fig. 9: Pratylenchus spp. collected 60 and 100 days after planting from 

5-g roots at Erfdeel for the duration of the study (2010-2014) with maize, 

cowpea and pearl millet as part of the cropping sequence. 
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Soil (200 g) 

Buffelsvallei: Cowpea as part of the rotation 

 

 

 

 

 

 

 

 

 

 

 

 

Table 13: Summary of significant data [log(x+1)] for Scutellonema brachyurus and Rotylenchulus parvus population levels per 200 g soil from monoculture maize as well as 

cropping sequences (CRS) which included maize, cowpea and pearl millet in the growing seasons at Buffelsvallei (2012-2014). 

Scutellonema brachyurus Rotylenchulus parvus 

Locality and crop Interaction F-value p-value Locality and crop Interaction F-value p-value 

Buffelsvallei: Cowpea 

Sampling interval 127.3 <0.0001 

Buffelsvallei: Cowpea 

Sampling interval 60.0 <0.0001 

Season 30.3 <0.0001 Season 7.0 <0.0001 

Sampling interval x season 68.0 <0.0001 Sampling interval x season 26.0 <0.0001 
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Fig. 10: Scutellonema brachyurus collected before planting and 60 and 

100 days after planting from 200 g soil at Buffelsvallei for the duration of 

the study (2010-2014) with maize, cowpea and pearl millet as part of the 

cropping sequence. 

Fig. 11: Rotylenchulus parvus collected before planting and 60 and 100 

days after planting from 200 g soil at Buffelsvallei for the duration of the 

study (2010-2014) with maize, cowpea and pearl millet as part of the 

cropping sequence. 
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Table 14: Summary of significant data [log(x+1)] for Helicotylenchus dihystera population levels per 

200-g soil from monoculture maize as well as cropping sequences (CRS) which included maize, 

cowpea and pearl millet in the growing seasons at Buffelsvallei (2012-2014). 

Helicotylenchus dihystera 

Locality and crop Interaction F-value p-value 

Buffelsvallei:  

Cowpea 

Sampling interval 62.7 <0.0001 

Season 10.1 <0.0001 

Sampling interval x season 94.9 <0.0001 
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Fig. 12: Helicotylenchus dihystera collected before planting and 60 and 

100 DAP from 200-g soil at Buffelsvallei for the duration of the study 

(2010-2014) with maize, cowpea and pearl millet as part of the cropping 

sequence. 
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Buffelsvallei: Sunflower as part of the rotation 

 

 

 

 

 

 

 

 

 

 

 

 

Table 15: Summary of significant data [log(x+1)] for Scutellonema brachyurus and Rotylenchulus parvus population levels per 200-g soil from monoculture maize as well as 

cropping sequences (CRS) which included maize, sunflower and pearl millet in the growing seasons at Buffelsvallei (2012-2014). 

Scutellonema brachyurus Rotylenchulus parvus 

Locality & crop Interaction F-value p-value Locality and crop Interaction F-value p-value 

Buffelsvallei: 

Sunflower 

Sampling interval 142.2 <0.0001 
Buffelsvallei: 

Sunflower 

Sampling interval 31.2 <0.0001 

Season 22.2 <0.0001 Season 14.5 <0.0001 

Sampling interval x season 82.9 <0.0001 Sampling interval x season 36.9 <0.0001 
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Fig. 13: Scutellonema brachyurus collected before planting and 60 and 

100 days after planting from 200-g soil at Buffelsvallei for the duration of 

the study (2010-2014) with maize, sunflower and pearl millet as part of 

the cropping sequence. 

Fig. 14: Rotylenchulus parvus collected before planting and 60 and 100 

days after planting from 200-g soil at Buffelsvallei for the duration of the 

study (2010-2014) with maize, sunflower and pearl millet as part of the 

cropping sequence. 
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Table 16: Summary of significant data [log(x+1)] for Nanidorus minor population levels per 200 g soil 

from monoculture maize as well as crop sequences (CRS) which included maize, sunflower and pearl 

millet in the growing seasons at Buffelsvallei (2012-2014). 

Nanidorus minor 

Locality and crop Interaction F-value p-value 

Buffelsvallei: Sunflower 

Sampling interval 58.2 <0.0001 

Season 55.5 <0.0001 

Sampling interval x season 64.6 <0.0001 
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Fig. 15: Nanidorus minor collected before planting and 60 and 100 days 

after planting from 200-g soil at Buffelsvallei for the duration of the study 

(2010-2014) with maize, sunflower and pearl millet as part of the 

cropping sequence. 
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Erfdeel: Cowpea as part of the rotation 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 17: Summary of significant data [log(x+1)] for Criconemoides sphaerocephalus and Tylenchorhynchus goffarti population levels per 200 g soil from monoculture maize 

as well as cropping sequences (CRS) which included maize, cowpea and pearl millet in the growing seasons at Erfdeel (2010-2014). 

Criconemoides sphaerocephalus Tylenchorhynchus goffarti 

Locality and crop Interaction F-value p-value Locality and crop Interaction F-value p-value 

Erfdeel:  

Cowpea 

Sampling interval 22.6 <0.0001 
Erfdeel:  

Cowpea 

Sampling interval 72.8 <0.0001 

Season 6.3 <0.0001 Season 85.7 <0.0001 

Sampling interval x season 3.5 0.02 Sampling interval x season 32.2 <0.0001 
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Fig. 16: Criconemoides sphaerocephalus collected before planting and 

60 and 100 days after planting from 200 g soil at Erfdeel for the 

duration of the study (2010-2014) with maize, cowpea and pearl millet 

as part of the cropping sequence. 

Fig. 17: Tylenchorhynchus goffarti collected before planting and 60 and 

100 days after planting from 200 g soil at Erfdeel for the duration of the 

study (2010-2014) with maize, cowpea and pearl millet as part of the 

cropping sequence. 
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Table 18: Summary of significant data [log(x+1)] for Pratylenchus spp. population levels per 200 g soil 

from monoculture maize as well as cropping sequences (CRS) which included maize, cowpea and 

pearl millet in the growing seasons at Erfdeel (2010-2014). 

Pratylenchus spp. 

Locality and crop Interaction F-value p-value 

Erfdeel: Cowpea 

Sampling interval 44.3 <0.0001 

Season 7.1 <0.0001 

Sampling interval x season 22.0 <0.0001 
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Fig. 18: Pratylenchus spp. collected before planting and 60 and 100 

days after planting from 200 g soil at Erfdeel for the duration of the study 

(2010-2014) with maize, cowpea and pearl millet as part of the cropping 

sequence. 
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Appendix IV 

Table 1: Mean population densities (MPD) and frequency of occurrences (FO %) of non-parasitic nematode families and genera identified in 200-g soil rhizosphere samples 

from monoculture maize (conventional and conservation agriculture) as well as conservation agriculture sequences including maize, cowpea and/or sunflower and pearl millet 

at Buffelsvallei for each growing season (2011-2014). 

Cropping sequence Nematode genera/family 
2010/2011 2011/2012 2012/2013 2013/2014 

MPD FO MPD FO MPD FO MPD FO 

MMMM/CTA Mesorhabditis 207 75 10 25 0 0 7 25 

 Acrobeles 86 100 76 100 9 100 29 100 

 Acrobeloides 146 100 130 100 15 100 49 100 

 Cephalobus 109 100 96 100 11 100 37 100 

 Zeldia 38 100 33 100 4 100 13 100 

 Aphelenchus 113 75 65 100 8 50 44 100 

 Aphelenchoides 160 50 40 75 7 50 18 75 

 Monhystera 0 0 10 25 3 25 7 25 

 Aporcelaimellus 90 50 45 50 5 50 25 75 

 Tylenchus 100 75 23 100 8 50 18 75 

 Ditylenchus 20 25 10 50 0 0 20 50 

MMMM/CA Mesorhabditis 200 25 10 25 0 0 20 25 

 Panagrolaimus 72 100 140 100 9 100 29 100 

 Acrobeles 103 100 198 100 13 100 41 100 

 Acrobeloides 19 100 37 100 2 100 8 100 

 Eucephalobus 114 100 221 100 15 100 46 100 

 Cephalobus 42 100 81 100 5 100 17 100 

 Elaphonema 19 100 37 100 2 100 8 100 

 Zeldia 11 100 22 100 1 100 5 100 

 Aphelenchus 80 100 243 100 3 50 22 100 

 Aphelenchoides 53 75 73 100 17 50 9 75 
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Table 1 continues 

Cropping sequence Nematode genera/family 
2010/2011 2011/2012 2012/2013 2013/2014 

MPD FO MPD FO MPD FO MPD FO 

MMMM/CA Plectus 0 0 0 0 13 50 24 50 

 Prismatolaimus 0 0 9 50 0 0 3 25 

 Monhystera 0 0 11 50 2 25 4 25 

 Dorylaimidae 20 75 21 100 0 0 6 100 

 Aporcelaimellus 34 75 35 100 0 0 10 100 

 Paraxonchium 7 75 7 100 0 0 2 100 

 Tylenchus 50 100 33 100 3 25 13 25 

 Ditylenchus 60 50 20 50 3 25 33 25 

Maize, cowpea, pearl millet Mesorhabditis 89 70 13 4 0 0 8 20 

 Panagrolaimus 182 90 162 10 23 100 68 100 

 Acrobeles 155 90 104 10 13 100 43 100 

 Acrobeloides 209 90 126 10 17 100 68 100 

 Eucephalobus 75 40 51 6 6 40 20 40 

 Cephalobus 178 80 124 9 13 80 47 80 

 Elaphonema 44 40 29 6 2 40 12 40 

 Zeldia 105 90 87 10 12 100 33 100 

 Chiloplacus 35 20 20 4 1 20 10 20 

 Aphelenchus 229 85 128 10 10 50 25 95 

 Aphelenchoides 121 80 46 9 8 45 25 85 

 Plectus 0 0 0 0 9 45 40 80 

 Wilsonema 0 0 0 0 4 35 11 40 

 Prismatolaimus 0 0 12 4 0 0 8 20 

 Monhystera 60 5 10 6 5 20 14 30 

 Dorylaimidae 19 65 4 9 2 45 4 70 

 Aporcelaimellus 60 65 14 9 3 30 10 70 
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Table 1 continues 

Cropping sequence Nematode genera/family 
2010/2011 2011/2012 2012/2013 2013/2014 

MPD FO MPD FO MPD FO MPD FO 

Maize, cowpea, pearl millet Paraxonchium 20 20 4 4 1 5 5 20 

 Eudorylaimus 8 15 2 4 1 5 5 20 

 Prodorylaimus 10 20 4 4 0 0 1 5 

 Dorylaimoides 15 35 5 6 1 15 4 30 

 Tylencholaimus 8 15 2 4 1 5 5 20 

 Tylencholaimellus 4 15 20 7 0 0 2 20 

 Discolaimidae 20 20 4 4 0 0 5 20 

 Discolaimoides 39 40 12 6 2 20 7 30 

 Discolaimus 30 20 13 4 1 15 2 10 

 Discolaimium 0 0 0 0 0 0 1 5 

 Alaimus 20 20 4 4 0 0 5 20 

 Tylenchus 81 70 33 8 4 50 21 90 

 Neotylenchidae 0 0 30 2 0 0 4 20 

 Ditylenchus 80 65 29 6 5 35 21 75 

Maize, sunflower, pearl millet Mesorhabditis 66 58 20 8 0 0 20 8 

 Panagrolaimus 132 67 221 67 28 100 63 67 

 Acrobeles 135 100 135 100 11 100 49 100 

 Acrobeloides 186 100 257 100 26 100 77 100 

 Eucephalobus 18 67 32 33 4 67 10 67 

 Cephalobus 48 67 26 67 9 100 10 67 

 Elaphonema 15 33 51 67 4 67 8 67 

 Zeldia 31 100 66 67 6 67 21 100 

 Teratocephalus 0 0 0 0 0 0 28 33 

 Aphelenchus 100 83 123 100 6 25 35 83 

 Aphelenchoides 64 75 49 92 9 42 25 58 

 Plectus 0 0 0 0 3 67 9 83 
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Table 1 continues 

Cropping sequence Nematode genera/family 
2010/2011 2011/2012 2012/2013 2013/2014 

MPD FO MPD FO MPD FO MPD FO 

Maize, sunflower, pearl millet Wilsonema 0 0 0 0 4 67 11 50 

 Prismatolaimus 40 8 20 8 0 0 7 17 

 Monhystera 0 0 0 0 0 0 3 8 

 Dorylaimidae 85 33 15 33 6 42 5 17 

 Aporcelaimellus 47 67 9 67 6 42 3 42 

 Paraxonchium 9 33 4 33 0 0 2 33 

 Dorylaimoides 0 0 9 33 0 0 7 25 
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Table 2: Mean population densities (MPD) and frequency of occurrences (FO %) of non-parasitic nematode families and genera identified in 200-g soil rhizosphere samples 

from monoculture maize (conventional and conservation agriculture) as well as conservation agriculture sequences including maize, cowpea and pearl millet at Erfdeel for 

each growing season (2011-2014). 

Cropping sequence Nematode genera/family 
2010/2011 2011/2012 2012/2013 2013/2014 

MPD FO MPD FO MPD FO MPD FO 

MMMM/CTA Rhabditis 20 25 0 0 0 0 3 50 

 Panagrolaimus 8 75 11 100 2 100 4 100 

 Acrobeles 98 75 137 100 25 100 46 100 

 Eucephalobus 13 75 18 100 3 100 6 100 

 Acrobeloides 5 75 7 100 1 100 3 75 

 Cephalobus 4 75 5 100 1 75 2 75 

 Zeldia 20 25 34 100 6 100 11 100 

 Aphelenchus 27 75 90 100 3 50 3 50 

 Aphelenchoides 40 25 13 100 7 100 3 25 

 Plectidae 0 0 0 0 0 0 20 25 

 Monhysteridae 20 25 3 50 0 0 0 0 

 Dorylaimidae 20 50 16 100 15 50 3 50 

 Tylenchus 20 25 0 0 0 0 0 0 

 Ditylenchus 20 25 7 50 3 25 7 25 

MMMM/CA Rhabditis 20 75 0 0 3 25 7 50 

 Panagrolaimus 8 100 19 100 2 75 4 100 

 Acrobeles 100 100 249 100 23 100 46 100 

 Eucephalobus 13 100 32 100 3 100 6 100 

 Acrobeloides 5 100 13 100 1 75 2 100 

 Cephalobus 4 100 10 100 1 75 2 100 

 Zeldia 0 0 61 100 6 100 11 100 

 Aphelenchus 70 50 117 100 17 75 4 100 

 Aphelenchoides 80 50 19 100 8 50 14 50 

 Plectidae 0 0 0 0 3 25 24 100 

 Monhysteridae 0 0 5 50 3 25 0 0 
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Table 2 continues 

Cropping sequence Nematode genera/family 
2010/2011 2011/2012 2012/2013 2013/2014 

MPD FO MPD FO MPD FO MPD FO 

MMMM/CA Monhystera 0 0 5 50 0 0 0 0 

 Dorylaimidae 30 50 23 100 8 25 5 75 

 Aporcelaimellus 15 50 12 100 4 25 3 75 

 Paraxonchium 15 50 12 100 4 25 3 75 

 Mononchus 0 0 3 25 0 0 0 0 

 Tylenchus 0 0 13 100 0 0 0 0 

 Ditylenchus 0 0 0 0 3 25 3 25 

Maize, cowpea, pearl millet Rhabditis 145 60 4 15 0 0 13 40 

 Panagrolaimus 25 100 22 100 3 100 4 90 

 Acrobeles 325 100 280 100 36 100 44 100 

 Eucephalobus 42 100 36 100 5 100 6 100 

 Acrobeloides 17 100 15 100 4 50 3 80 

 Cephalobus 13 100 11 100 2 75 2 70 

 Zeldia 32 50 69 100 9 100 11 100 

 Aphelenchus 69 55 72 100 13 80 5 35 

 Aphelenchoides 65 40 16 100 9 70 4 20 

 Plectidae 0 0 0 0 4 55 4 25 

 Plectus 0 0 0 0 3 5 3 5 

 Wilsonema 0 0 0 0 5 10 0 0 

 Monhysteridae 0 0 6 30 3 10 3 15 

 Monhystera 0 0 6 30 0 0 3 15 

 Dorylaimidae 32 35 24 100 4 55 6 55 

 Aporcelaimellus 29 35 24 100 4 55 5 55 

 Eudorylaimus 5 10 4 20 1 5 1 5 

 Discolaimidae 0 0 6 40 2 25 1 10 

 Discolaimoides 5 10 4 20 1 10 1 5 
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Table 2 continues 

Cropping sequence Nematode genera/family 
2010/2011 2011/2012 2012/2013 2013/2014 

MPD FO MPD FO MPD FO MPD FO 

Maize, cowpea, pearl millet Discolaimus 5 25 5 40 1 20 1 15 

 Mononchus 0 0 0 0 0 0 3 5 

 Tobrilus 0 0 11 50 0 0 0 0 

 Tylenchus 40 15 18 75 4 30 6 30 

 Ditylenchus 0 0 5 45 0 0 3 20 
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Buffelsvallei: Cowpea as part of the rotation 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3: Summary of significant data [log(x+1)] for bacteri- and fungivore population levels per 200 g soil from monoculture maize as well as cropping sequences (CRS) which 

included maize, cowpea and pearl millet in the growing seasons at Buffelsvallei (2011-2014). 

Bacterivores Fungivores 

Locality & crop Interaction F-value p-value Locality & crop Interaction F-value p-value 

Buffelsvallei: 

Cowpea 

Sampling intervals 25.0 <0.0001 
Buffelsvallei: 

Cowpea 

Sampling intervals 25.6 <0.0001 

Season 52.8 <0.0001 Season 22.9 <0.0001 

Sampling interval x season 25.2 <0.0001 Sampling intervals x season 36.5 <0.0001 
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Fig. 1: Bacterivore nematodes collected 0, 60 and 100 days after 

planting from 200 g soil at Buffelsvallei in the 2010/2011, 2011/2012, 

2012/2013 and 2013/2014 seasons with maize, cowpea and pearl 

millet as part of the cropping sequence. 

Fig. 2: Fungivore nematodes collected 0, 60 and 100 days after planting 

from 200 g soil at Buffelsvallei in the 2010/2011, 2011/2012, 2012/2013 

and 2013/2014 seasons with maize, cowpea and pearl millet as part of 

the cropping sequence. 
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Table 4: Summary of significant data [log(x+1)] for predator population levels per 200 g soil from 

monoculture maize as well as cropping sequences (CRS) which included maize, cowpea and pearl 

millet in the growing seasons at Buffelsvallei (2011-2014). 

Predators 

Locality and crop Interaction F-value p-value 

Buffelsvallei:  

Cowpea 

Sampling interval 21.2 <0.0001 

Season 10.6 <0.0001 

Sampling interval x season 13.5 <0.0001 
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Fig. 3: Predator nematodes collected 0, 60 and 100 days after planting 

from 200 g soil at Buffelsvallei in the 2010/2011, 2011/2012, 2012/2013 

and 2013/2014 seasons with maize, cowpea and pearl millet as part of 

the cropping sequence. 
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Buffelsvallei: Sunflower as part of the rotation 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5: Summary of significant data [log(x+1)] for bacteri- and fungivore population levels per 200 g soil from monoculture maize as well as cropping sequences (CRS) which 

included maize, sunflower and pearl millet in the growing seasons at Buffelsvallei (2011-2014). 

Bacterivores Fungivores 

Locality & crop Interaction F-value p-value Locality & crop Interaction F-value p-value 

Buffelsvallei: 

Sunflower 

Sampling intervals 33.0 <0.0001 
Buffelsvallei: 

Sunflower 

Sampling intervals 28.7 <0.0001 

Season 14.4 <0.0001 Season 19.6 <0.0001 

Sampling interval x season 16.6 <0.0001 Sampling intervals x season 27.6 <0.0001 
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Fig. 4: Bacterivore nematodes collected 0, 60 and 100 days after 

planting from 200 g soil at Buffelsvallei in the 2010/2011, 2011/2012, 

2012/2013 and 2013/2014 seasons with maize, sunflower and pearl 

millet as part of the cropping sequence. 
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Fig. 5: Fungivore nematodes collected 0, 60 and 100 days after 

planting from 200 g soil at Buffelsvallei in the 2010/2011, 2011/2012, 

2012/2013 and 2013/2014 seasons with maize, sunflower and pearl 

millet as part of the cropping sequence. 
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Table 6: Summary of significant data [log(x+1)] for predator population levels per 200 g soil from 

monoculture maize as well as cropping sequences (CRS) which included maize, sunflower and pearl 

millet in the growing seasons at Buffelsvallei (2011-2014). 

Predators 

Locality and crop Interaction F-value p-value 

Buffelsvallei:  

Sunflower 

Sampling interval 37.1 <0.0001 

Season 9.3 <0.0001 

Sampling interval x season 12.7 <0.0001 
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Fig. 6: Predator nematodes collected 0, 60 and 100 days after planting 

from 200 g soil at Buffelsvallei in the 2010/2011, 2011/2012, 2012/2013 

and 2013/2014 seasons with maize, sunflower and pearl millet as part 

of the cropping sequence. 
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Erfdeel: Cowpea as part of the rotation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 7: Summary of significant data [log(x+1)] for bacteri- and fungivore population levels per 200 g soil from monoculture maize as well as cropping sequences (CRS) which 

included maize, cowpea and pearl millet in the growing seasons at Erfdeel (2011-2014). 

Bacterivores Fungivores 

Locality & crop Interaction F-value p-value Locality & crop Interaction F-value p-value 

Erfdeel: Cowpea 

Sampling intervals 1.7 0.18 

Erfdeel: Cowpea 

Sampling intervals 12.0 <0.0001 

Season 21.5 <0.0001 Season 99.4 <0.0001 

Sampling interval x season 32.7 <0.0001 Sampling intervals x season 24.6 <0.0001 
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Fig. 7: Bacterivore nematodes collected 0, 60 and 100 days after 

planting from 200 g soil at Erfdeel in the 2010/2011, 2011/2012, 

2012/2013 and 2013/2014 seasons with maize, cowpea and pearl 

millet as part of the cropping sequence. 
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Fig. 8: Fungivore nematodes collected 0, 60 and 100 days after 

planting from 200 g soil at Erfdeel in the 2010/2011, 2011/2012, 

2012/2013 and 2013/2014 seasons with maize, cowpea and pearl 

millet as part of the cropping sequence. 
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Table 8: Summary of significant data [log(x+1)] for predator population levels per 200 g soil from 

monoculture maize as well as cropping sequences (CRS) which included maize, cowpea and pearl 

millet in the growing seasons at Erfdeel (2011-2014). 

Predators 

Locality and crop Interaction F-value p-value 

Erfdeel: Cowpea 

Sampling interval 9.2 <0.0001 

Season 9.6 <0.0001 

Sampling interval x season 12.2 <0.0001 
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Fig. 9: Predator nematodes collected 0, 60 and 100 days after planting 

from 200 g soil at Erfdeel in the 2010/2011, 2011/2012, 2012/2013 and 

2013/2014 seasons with maize, cowpea and pearl millet as part of the 

cropping sequence. 


